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(57) Abstract 

Tlie present invention provides systems, methods, screens, and kits for optical system analysis of cells to rapidly determine the 
distribution, environment, or activity of fluorescently labeled reporter molecules in cells for the purpose of screening large numbers of 
compounds for those that specifically affect particular biological functions. The invention involves providing cells containing fluorescent 
reporter molecules in an array of locations and scanning numerous cells in each location with a higlv magnification fluorescence optical 
system, converting the optical information into digital data, and utilizing the digital data to determine the distribution, environment or 
activity of the fluorcsccntly labeled reponer molecules in the cells. The array of locations may be an industry standard 96 well or 384 well 
microtiicr plate or a microplaie which is a microplate having cells in a micropatiemcd array of locations. The invention includes apparatus 
and computerized method for processing, displaying and storing the data. 
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A SYSTEM FOR CELL-BASED SCREENING 

Cross Reference 

This application is a continuation-in-part of U.S. Applications for Patent S/N 
60/100,973 filed September 18, 1998, and 09/031,271 filed February 27, 1998 which is 
a continuation in part of U.S. Application S/N 08/810983, filed on February 27, 1 997. 

Field of The Invention 

This invention is in the field of fiuorescence-based cell and molecular 
biochemical assays for drug discovery. 

Background of the Invention 

Dmg discovery, as currently practiced in the art, is a long, multiple step process 
involving identification of specific disease targets, development of an assay based on a 
specific target, validation of the assay, optimization and automation of the assay to 
produce a screen, high throughput screening of compound libraries using the assay to 
identify "hits", hit validation and hit compound optimization. The output of this 
process is a lead compound that goes into pre-clinical and, if validated, eventually into 
clinical trials. In this process, the screening phase is distinct firom the assay 
development phases, and involves testing compound efficacy in living biological 
systems- 

Historically, drug discovery is a slow and costly process, spanning nmnerous 
years and consuming hundreds of millions of dollars per drug created. Developments 
in the areas of genomics and higji tiiroughput screening have resulted in increased 

1 
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capacity and efficiency in the areas of target id«.tification and volume of eompounda 
screened. Significant advances in automated DNA sequencing. PCR application, 
positional cloning, hybridization arrays, and bioiufonnaties have greatly increased the 
number of genes (and gene ftagments) encoding potential drug screening targets. 
5 However.thebasicschCTieferdiugscreeningreiniansfhesame. 

Validation of g«.omic targets as points for therapeutic intervention usmg the 
existing methods and protocols has b^me a bottleneck in the drug discovery process 
due to the slow, manual methods employed, such as in yiyo functional models, 
functional analysis of recombinant pmteins. and stable cell line expression of candidate 
,0 genes. Primary DNA sequence data acquired through autom^ed sequencing does not 
permit idenHfication of gene function, but can provide information about common 
.^otife" and specific gene homology when compared to known sequence databases. 
Genomic methods such as ^btracdon hybridi^Uion and RADE (rapid amplification of 
differential expression) can be used to identify genes that are up or down regulated in a 
,5 disease sute model. However, identification and vaKdation sHU proceed down the same 
pathway. Some proteomic methods use protein identificadon (global expression arrays, 
2D electrophoresis, combinatorial Ubraries) in «m,bination with reverse genetics to 
identify candidate genes of interest Sud. putative "disease associated sequences" or 
DAS isolated as intact cDNA are a ^t advantage to these methods, but they are 
.0 identified by the hundreds without providing any information regarding type, activity, 
and distribution of «.e encoded protein. Choosing a subset of DAS as drug screening 
targets is "random", and thus extremely ineflicient. without Actional data to provide a 
mechanisdc link with disease. It is necessary, therefore, to provide new technologies to 
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rapidly screen DAS to establish biological function, thereby improving target validation 
and candidate optimization in drug discover/. 

There are three major avenues for improving early drug discovery productivity. 
First, there is a need for tools that provide increased infomiation handling capability. 
5 Bioinformatics has blossomed with the rapid development of DNA sequencing systems 
and the evolution of the genomics database. Genomics is beginning to play a critical 
role in the identification of potential new targets. Proteomics has become indispensible 
in relating stracture and function of protein targets in order to predict drug interactions. 
However, the next level of biological complexity is the cell. Therefore, there is a need 
10 to acquire, manage and search multi-dimensional information from cells. Secondly, 
there is a need for higher throughput tools. Automation is a key to improving 
productivity as has already been demonstrated in DNA sequencing and high throughput 
primary screening. The instant invention provides for automated systems that extract 
multiple parameter information from cells that meet the need for higher throughput 
15 tools. The instant invention also provides for miniaturizing the methods, thereby 
allowing increased throughput, while decreasing the volumes of reagents and test 
compounds required in each assay. 

Radioactivity has been the dominant read-out in early drug discovery assays. 
However, the need for more infomiation, higher throughput and miniaturization has 
20 caused a shift towards using fluorescence detection. Fluorescence-based reagents can 
yield more powerful, multiple parameter assays that are higher in throughput and 
information content and require lower volumes of reagents and test compoimds. 
Fluorescence is also safer and less expensive than radioactivity-based methods. 



3 
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Screcmng of odls seated «.h dyes and fluores«n. reagents is weU kno™ in 
ax., •n.ereis aoomidcrablebody of literaturerela^d to genetic engineering of oells 
produce fluorescent proteins, such as nK,difi«d green fluorescent protein (GFP). as a 
porter nrolecul. Some properties of wiid-type OFF are disclosed by Mor«e et al. 
(B,>.He^^Uy 13 (1974, p. 2656-2662). and Ward e. a..' (P*o<oc*«n. PHo,otioL 31 
(,9S0) p. 611^15). The OFF of the jellyfish Ae,uorea .>cU,Ha has an exdt^ron 
^a^imun, at 395 nm and an emission n»:d«un> at 3.0 nm. and does not re^ui. an 

exogenous factor for fluorescence activity. Us« for GFP disclosed in the literature are 
Widespread and include the study of gene e«p«ssion and protein localization (Chalfie 
et al science 263 (.994). p. 1250.-12504)), as a tool fcr visualizing suhceBular 
organelles (Rizzuto et al.. Curr. Bio,o^ 5 (1995). p. 635-642)). visualization of protem 
along the secretory pathway (Kaethe. and Geides. FEBSl^ 369 (1995). 
p 267-27.)). expression in plant ceUs (Hu and Cheng. FEBS Xe«« 369 (.995), p. 
33,-334)) ^ Dro«>pMla emtayos (Davis et a.., Oe,. Bio,o^ .70 (1995), p. 726- 
3 and as a reporter molecule fused to another protein of interest (U. S. Patent 

5491 084). Similarly, W096a3898reUtes to methods of detectingbiologically active 
..stances affecting intracellular processes by utiUzing a OFF construct having a 

•• .«™ dte This patent, and all other patents referenced m dus 
protein kinase activation site. inis p« 

application are incorporated by refaence m thdr entirety 

Numerous references are related to GFP proteins in biological systems. For 
e;„,mp.e WO 96/09598 describes a system for isolating cells of interest utilizing the 
expression of a GFP like protein. WO 96«7675 describes the expression of GFP m 
plants. WO 95/2,191 describes modified GFP protein expressed in transtened 

II <; Patents 5 401,629 and 5,436,128 describe 
organisms to detect mutagenesis. U. S. Patents =,1 



4 



nni7fi4,qA2 IB> 



wo 00/17643 



PCTAJS99/21561 



assays and compositions for detecting and evaluating the intracellular transduction of 
an extracellular signal using recombinant cells that express cell surface receptors and 
contain reporter gene constructs that include transcriptional regulatory elements thatjare 
responsive to the activity of cell sur&ce receptors- 
Performing a screen on many thousands of compounds requires parallel 
handling and processing of many compounds and assay component reagents. Standard 
high throughput screens ("HTS") use mixtures of compounds and biological reagents 
along with some indicator compound loaded into arrays of wells in standard microtiter 
plates with 96 or 384 wells. The signal measured jfrom each well, either fluorescence 
emission, optical density, or radioactivity, integrates the signal from all the material in 
the well giving an overall population average of all the molecules in the well. 

Science Applications International Corporation (SAIC) 130 Fifth Avenue, 
Seattle, WA. 98109) describes an imaging plate reader. This system uses a CCD 
camera to image the whole area of a 96 well plate. The image is analyzed to calculate 
the total fluorescence per well for all the material in the well. 

Molecular Devices, Inc. (Sunnyvale, CA) describes a system (FLIPR) which 
uses low angle laser scanning illumination and a mask to selectively excite fluorescence 
within approximately 200 microns of the bottoms of the wells in standard 96 well 
plates in order to reduce background when imaging cell monolayers. This system uses 
a CCD camera to image the whole area of the plate bottom. Although this system 
measures signals originating from a cell monolayer at the bottom of the well, the signal 
measured is averaged over the area of the well and is therefore still considered a 
measurement of the average response of a population of cells. The image is analyzed to 
calculate the total fluorescence per well for cell-based assays. Fluid deliveiy devices 
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'have also been incorpora^d in«> oeU based screeoinf such as tt.e FUPR 

systern. in order .o u.«ia« a response, which is ften observed as a «hole we,, 
population average response using . macro-imaging system. 

in contest to high throughput screens, various high-content screens ("HCS") 
, have been developed to address the need fer more detailed information about the 
.empond-spatia, dynamics of cell consatuents and processes. High-conten. screens 
automate the extraction of multicolor fluorescence informaHon derived 6om specrfic 
fluorescence-based reagents incorporated into cells (Giuliano and Taylor (.995, Crr. 
op cell BioL 7:4; Giuhano e. a,. (1995) An. K^. B^pHys. Bion,ol. S,ruC. 24:405). 
,„ cells are analyzed using an optica, s^em that can measure spatial, as well as temporal 
.ynauiics. (Farlcas et al. (1993) .... « 55:7S5;.Olu,ian0 et al. (.990) ,n 
OpUca, Mtc-oscopy for » B. Herman ^ ^ ^-"son (eds.). pp. 543-557. 
Wi.ey.Uss. New Yorl. Hahn et al (1992) NaU.re 359:736; Waggoner e. al. (.995) 

- . ^ * r^fA\ a "weir that has spatial and 
Hum. PalhoL 27:494). The concept .s to treat each ceU as a well 

,5 temporal informaHon on the activities of the labeled constim«.ts. 

•The types of biochemical and molecular information now accessible through 
fluorescence-based reagents applied to cells include ion concentrations, membrane 
potential, specific translocations, enzyme activities, gene expression, as we., as the 
presence, amounts and patterns of metabolites, proteins, lipids, carbohydrates, and 
,„ nucleica^dscuences (DeBiasio et al.. (1996) Mo. ..o/. 7:1259;GiuUano . al.. 

Biop^. Biomot. S^.. 24:405; Heim and Tsien. (.996) Curr. Biol. 

6:178). 

High-content screens can be performed on either fixed ceUs. using fluorescentiy 
labeled antibodies, biological Ugands, and/or nuCeic acid hybridization probes, or live 

6 
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cells using multicolor fluorescent indicators and ''biosensors/* The choice of fixed or 
live cell screens depends on the specific cell-based assay required. 

Fixed cell assays are the simplest, since an array of initially living cells in a 
microtiter plate format can be treated with various compoimds and doses being tested, 
then the cells can be fixed, labeled with specific reagents, and measured. No 
environmental control of the cells is required after fixation. Spatial information is 
acquired, but only at one time point. The availability of thousands of antibodies, 
ligands and nucleic acid hybridization probes that can be applied to cells makes this an 
attractive approach for many types of cell-based screens. The fixation and labeling 
steps can be automated, allowing efficient processing of assays. 

Live cell assays are more sophisticated and powerful, since an array of living 
cells containing the desired reagents can be screened over time, as well as space. 
Environmental control of the cells (temperature, humidity, and carbon dioxide) is 
required during measurement, since the physiological health of the cells must be 
maintained for multiple fluorescence measurements over time. There is a growing list 
of fluorescent physiological indicators and **biosensors" that can report changes in 
biochemical and molecular activities within cells (Giuliano et al., (1995) Ann, Rev. 
Biophys. Biomol Struct 24:405; Hahn et al., (1993) In Fluorescent and Luminescent 
Probes for Biological Activity. W.T. Mason, (ed.), pp. 349-359, Academic Press, San 
Diego). 

TTie availability and use of fluorescence-based reagents has helped to advance 
the development of both fixed and live cell high-content screens. Advances in 
instrumentation to automatically extract multicolor, high-content information has 
recently made it possible to develop HCS into an automated tool. An article by Taylor, 
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et al. {American Scientist 80 (1992), p. 322-335) describes many of these methods and 
theirappUcations. For example. Pn>ffittet.al.(C3.ro;«.^ 24: 204-213 (1996)) describe 
a semi-automated fluorescence digital imaging system for quantifying relative cell 
numbers in situ in a variety of tissue culture plate formats, especially 96-well micmtiter 
5 plates. The system consists of an epifluorescence inverted microscope with a 
motorized stage, video camera, image intensifier. and a microcomputer with a PC- 
Vision digitizer. Turbo Pascal software controls the stage and scans the plate taking 
multiple images per well. The software calculates total fluorescence per well, provides 
for daily calibration, and configures easily for a variety of tissue culture plate formats. 
10 Thresholding of digital images and reagents which fluoresce only when taken up by 
living cells are used to reduce background fluorescence without removing excess 
fluorescent reagent 

scanning confooal microscope imaging (Go =t .1, (1997) Anolyttcal 
BlocHenustry 247:210-215; Goldman e. .1, (1995) Cell Research 

15 221:311-319) and muWphoton microscope imaging (Denk et al., (1990) Science 
248:73; Gratton et aL, (1994) Proc oflhe Microscopical Society of America, pp. 154- 
155) are also well established meftods for acquiring high resolution images of 
microscopic samples, lie principle advantage of these optical systems is 4e very 
shallow depth of focus, which allows features of limited a^al extent to be resolved 
,0 against the background. For example, it is posdhle to resolve internal cytoplasmic 
features of adherent cells ftom the f=«ures on the cell surface. Because scanning 
multiphoton imaging requires very short duration pulsed laser systems to achieve the 
high photon flux required, fluorescence lifetimes can also be measured in these systems 
(Lakowicz et al.. (1992) A,^. Biochem. 202:316-330; GerriBsen e. al. (1997), /. of 

8 
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Fluorescence 7:11-^15)), providing additional capability for different detection modes. 
Small, reliable and relatively inexpensive laser systems, such as laser diode pumped 
lasers, are now available to allow raiiltiphoton confocal microscopy to be applied in a 
fairly routine fashion. 

A combination of the biological heterogeneity of cells in populations (Bright, et 
al., (1989). J. Cell Physiol 141:410; Giuliano, (1996) Cell Motil Cytoskel 35:237)) as 
well as the high spatial and temporal frequency of chemical and molecular information 
present within cells, makes it impossible to extract high-content information from 
populations of cells using existing whole microtiter plate readers. No existing high- 
content screening platform has been designed for multicolor, fluorescence-based 
screens using cells tiiat are analyzed individually. Similarly, no method is currentiy 
available that combines automated fluid delivery to arrays of cells for the purpose of 
systematically screening compounds for the ability to induce a cellular response that is 
identified by HCS analysis, especially from cells grown in microtiter plates. 
Furthermore, no method exists in the art combining high throughput well-by-well 
measurements to identify ^Tiits" in one assay followed by a second high content cell-by- 
cell measurement on the same plate of only those wells identified as hits. 

The instant invention provides systems, methods, and screens fliat combine high 

throughput screening (HTS) and high content screening (HCS) that significantly 

improve target validation and candidate optimization by combining many cell screening 

fomiats with fluorescence-based molecular reagents and computer-based feature 

extraction, data analysis, and automation, resulting in increased quantity and speed of 

data collection, shortened cycle times, and, ultimately, faster evaluation of promising 

drug candidates. The instant invention also provides for miniaturizing the methods, 

9 
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thereby allowing increased throughput, whUe decreasing the volumes of reagents and 
test compounds required in each assay. 

gmvrMARY THir tnvknTION 

In one aspect, the present invention t^lates to a method for analyzing cells 

comprising 

. providing cells containing fluorescent reporter molecules in an array of 

locations, . 
, . treating the cells in the array oflocations with one or more reagents. 

. imaging numerous cells in each location with fluorescence optics, 
• converting the optical infomiation into digital data, 

nSn^the digital data to determine the distribution, environment or 
:S.S^nL flu^escently labeled reporter molecules in the cells and the 
is distribution of the cells, and ^ ^ „„n p.fpprt of 

the compound being tested on the biological flmcnon 
to this embodiment, the meftod rapidly determines the distribution. 
,0 enviromnent. or acdvity of fluorescently labeled reporter molecules in cells for the 
purpose of screening large numbers of «>mpound3 for ftose that specifically aSect 
particular biological ftncttons. The array of locations may be a microtiter plate or a 
mic«>chip «hich is a microplate having cells in an array of locations. In a preferred 
embodhnent. the method includes computerized means for acquiring, processing. 
25 displaying and storing fl« data received. In a preferred embodiment, the method 
fUxthe. comprises automated fluid delivery to the arrays of cells. In another prefe^ 
embodiment flic information obtained ftom high throu^put measurements on the 
same plate are used to selectively perform high con.«t screening on only a subset of 
the cell locations on the plate. 
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In another aspect of the present invention, a cell screening system is provided 
fliat comprises: 

• a high magnification fluorescence optical system having a microscope 
objective, 

5 •an XY stage adapted for holding a plate containing an array of cells and 

having a means for moving the plate for proper, alignment and focusing on 
the cell arrays; 

• a digital camera; 

• a light source having optical means for directing excitation light to cell 
10 arrays and a means for directing fluorescent light emitted from the cells to 

the digital camera; and 

• a computer means for receiving and processing digital data from the digital 
camera wherein the computer means includes a digital frame grabber for 
receiving the images from the camera, a display for user interaction and 

15 display of assay results, digital storage media for data storage and archiving, 

and a means for control, acquisition, processing and display of results. 

In a preferred embodiment, the cell screening system further comprises a 

computer screen operatively associated with the computer for displaying data. In 

20 another prefeired embodiment, the computer means for receiving and processing digital 
data from the digital camera stores the data in a bioinfonnatics data base. In a further 
preferred embodiment, the cell screening system further comprises a reader that 
measures a signal from many or all the wells in parallel. In another preferred 
embodiment, the cell screening system further comprises a mechanical-optical means 

25 for changing the magnification of the system, to allow changing modes between high 
throughput and high content screening. In another preferred embodiment, the cell 
screening system further comprises a chamber and control system to maintain the 
temperature, CO2 concentration and humidity surrounding the plate at levels required to 
keep cells alive. In a further preferred embodiment, the cell screening system utilizes a 

30 confocal scanning illumination and detection system. 
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In another aspect of the present invention, a madnne readable storage medium 
comprising a program containing a set of instructions for causing a cell screening 
system to execute procedures for defining the distribution and activity of specific 
cellular constituents and processes is provided. In a preferred embodiment, the cell 
5 screening system comprises a high magnification fluorescence optical system with a 
stage adapted for holding cells and a means for moving the stage, a digital camera, a 
light source for receiving and processing the digital data from the digital camera, and a 
computer means for receiving and processing the digital data from the digital camera. 
Preferred embodiments of the machine readable storage medium comprise programs 
10 consisting of a set of instructions for causing a cell screening system to execute the 
procedures set forth in Figures 9, 1 1. 12. 13, 14 or 15. Another preferred embodiment 
comprises a program consisting of a set of instructions for causing a cell screening 
system to execute procedures for detecting the distribution and activity of specific 
cellular constituents and processes. In most preferred embodiments, the cellular 
15 processes include, but are not limited to. nuclear translocation of a protein, cellular 
hypertrophy, apoptosis. and protease-induced translocation of a protein. 

In another preferred embodiment, a variety of automated cell screening methods 
are provided, including screens to identify compounds that affect transcription factor 
activity, protein kinase activity, cell morphology, microtubule structure, apoptosis, 
20 receptor internalization, and protease-induced translocation of a protein. 

nmwv r>FSr!RlPTTr*Nr of THE DRAWINGS 

Figure 1 shows a diagram of the components of the cell-based scanning system. 
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FiRure 2 shows a schematic of the microscope subassembly. 
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Figure 3 shows the camera subassembly. 
Figure 4 illustrates cell scamiing system process. 

Figure 5 illustrates a user interface showing major functions to guide the user. 
Figure 6 is a block diagram of the two platform architecture of the Dual Mode System 
for Cell Based Screening in which one platform uses a telescope lens to read all wells 
of a microtiter plate and a second platform Aat uses a higher magnification lens to read 
individual cells in a well. 

Figure 7 is a detail of an optical system for a single platform architecture of the Dual 
Mode System for Cell Based Screening that uses a moveable 'telescope' lens to read all 
wells of a microtiter plate and a moveable higher magnification lens to read individual 
cells in a well. 

Figure 8 is an illustration of the fluid deUveiy system for acquiring kinetic data on the 
Cell Based Screening System. 

Figure 9 is a flow chart of processing step for the cell-based scanning system. 
Figure 10 A-JT illustrates the strategy of flie Nuclear Translocation Assay. 
Figure 11 is a flow chart defining the processing steps in the Dual Mode System for 
Cell Based Screening combining high throughput and high content screening of 
microtiter plates. 

Figure 12 is a flow chart defining the processing steps in the High Throughput mode of 
the System for Cell Based Screening. 

Figure 13 is a flow chart defining the processing steps in the High Content mode of the 
System for Cell Based Screening. 

Figure 14 is a flow chart defining the processing steps required for acquiring kinetic 
data in the High Content mode of the System for Cell Based Screening. 
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Figure 15 is a flow chart defining the processing steps performed within a well during 
the acquisition of kinetic data. 

Figure 16 is an example of data fiom a known irfnbitor of translocation. 
Figure 17 is an example of data from a known stimulator of translocation. 
5 Figure 18 illustrates data presentation on a graphical display. 

Figure 19 is an illustration of the data from the High Throughput mode of the System 
for Cell Based Screening, an example of the data passed to the High Content mode, the 
data acquired in the high content mode, and the results of the analysis of that data. 
Figure 20 shows the measurement of a drug-induced cytoplasm to nuclear 
10 translocation. 

Figure 21 iUusttates a graphical ^er interface of the measurement shown in Figure 20. 
Figure 22 illustrates a gr^hioal user interfece. »ith data presentation, of the 

measurement shown in Fig. 20* 

Figure 23 is a graph representing the kinede data obtained tan the measurements 

15 depicted in Fig. 20. 

Figure 24 details ahigh-content screen of drug-induced apoptosis. 

F^T.^«r-l.TPTTQNOFTHF.TNVENTIOK 
20 AH cited patents, patent appUcations and other references are hereby 

incorporated by reference in their entirety. 

As used herein, the following tenns have the specified meaning: 
Markers of cellular domains. Luminescent probes that have high affinity for 
specific cellular constituents including specific organelles or molecules. These probes 
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can either be small luminescent molecules or fluorescently tagged macromolecules 
used as "labeling reagents", "environmental indicators", or ^'biosensors." 

Labeling reagents. Labeling reagents include, but are not limited to, 
luminescently labeled macromolecules including fluorescent protein analogs and 
biosensors, luminescent macromolecular chimeras including those formed with the 
green fluorescent protein and mutants thereof, luminescently labeled primary or 
secondary antibodies that react with cellular antigens involved in a physiological 
response, luminescent stains, dyes, and other small molecules. 

Markers of cellular translocations. Luminescently tagged macromolecules or 
organelles that move from one cell domain to another during some cellular process or 
physiological response. Translocation markers can either simply report location 
relative to the markers of cellular domains or they can also be "biosensors" that report 
some biochemical or molecular activity as well. 

Biosensors. Macromolecules consisting of a biological fonctional domain and a 
luminescent probe or probes that report the envux)nmental changes that occur either 
internally or on their surface. A class of luminescently labeled macromolecules 
designed to sense and report these changes have been termed "fluorescent-protein 
biosensors". The protein component of the biosensor provides a highly evolved 
molecular recognition moiety. A fluorescent molecule attached to the protein 
component in the proximity of an active site transduces environmental changes into 
fluorescence signals that are detected using a system with an appropriate temporal and 
spatial resolution such as the cell scanning system of the present invention. Because 
the modulation of native protein activity within the living cell is reversible, and because 
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fluorescent-protein biosensors can be designed to sense reversible changes in protein 
activity, these biosensors are essentially reusable. 

Disease associated sequences ("DAS'% Hus term refers to nucleic acid sequences 
identified by standard techniques, such as primary DNA sequence data, genomic 
5 methods such as subtraction hybridization and RADE, aiid proteomic methods in 
combination with reverse genetics, as being of drug candidate compounds. The term 
does not mean that the sequence is only associated with a disease state. 

High content screening (HCS) can be used to measure the effects of drugs on 
complex molecular events such as signal transduction pathways, as well as cell 
10 functions including, but not limited to, apoptosis, cell division, cell adhesion, 
locomotion, exocytosis, and cell-cell communication. Multicolor fluorescence permits 
multiple targets and cell processes to be assayed in a single screen. Cross-correlation 
of cellular responses will yield a weallh of infonnation required for target validation 

and lead optimization. 

hi one aspect of the present invention, a cell screening system is provided 
comprising a high magnification fluorescence optical system having a microscope 
objective, an XY stage adapted for holding a plate with an array of locations for 
holding cells and having a means for moving the plate to align the locations with the 
microscope objective and a means for moving the plate in the direction to effect 
20 focusing; a digital camera; a hght source having optical means for directing excitation 
light to cells in the array of locations and a means for directmg fluorescent Ught emitted 
from the cells to the digital camera; and a computer means for receiving and processing 
digital data from the digital camera wherein the computer means includes; a digital 
frame grabber for receivmg the images from the camera, a display for user mteraction 

16 
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and display of assay results, digital storage media for data storage and archiving, and 
means for control, acquisition, processing and display of results. 

Figure I is a schematic diagram of a preferred embodiment of the cell scanning 
system. An inverted fluorescence microscope is used 1, such as a Zeiss Axiovert 
inverted fluorescence microscope which uses standard objectives with magnification of 
1-1 OOx to the camera, and a white light source (e.g. lOOW mercury-arc lamp or 75 W 
xenon lamp) with power supply 2. There is an XY stage 3 to move the plate 4 in the 
XY direction over the microscope objective. A Z-axis focus drive 5 moves the 
objective in the Z direction for focusing. A joystick 6 provides for manual movement 
of the stage in the XYZ direction. A high resolution digital camera 7 acquires images 
from each well or location on the plate. There is a camera power supply an 
automation controller 9 and a central processing unit 10. The PC 11 provides a display 
12 and has associated software. The printer 13 provides for printing of a hard copy 
record. 

Figure 2 is a schematic of one embodiment of the microscope assembly 1 of the 
invention, showing in more detail the XY stage 2, Z-axis focus drive 5, joystick 6, light 
source 2, and automation controller 9. Cables to the computer 15 and microscope 16, 
respectively, are provided. In addition. Figure 2 shows a 96 well microtiter plate 17 
which is moved on the XY stage 3 in the XY direction. Light from the light source 2 
passes through tiie PC controlled shutter 18 to a motorized filter wheel 19 with 
excitation filters 20. The light passes into filter cube 25 which has a dichroic mirror 26 
and an emission filter 27. Excitation light reflects off the dichroic mirror to the wells in 
the microtiter plate 17 and fluorescent light 28 passes through the dichroic mirror 26 
and the emission filter 27 and to the digital camera 7. 
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Figure 3 shows a schematic diawing of a ptefered camera assemWy. lie 
digital camera Z. which contains an automatic shutter for exposure conttol and a power 
supply 21, receives fluorescent light 28 fc>m the microscope assembly. A digital cable 
32 transports digital signals to the computer. 
5 The standard optical configurations described abovi use microscope optics to 

directly produce an enlarged image of the specim« on d« camera sensor in otder to 
capture a high resolution image of the specimen. This optical system is commonly 
referred to as 'wide field' microscopy. Those sWlled in the art of micn,scopy will 
^gmze that a high r^olufion image of the specimen can be created by a variety of 
,0 other opticl systems, including, but not limits standard scanning confocal 
detecaon of a focused point or line of Ulumination scanned over the specimen (Go et al. 
1997, and multi-photon scanning con^ micrpscopj, (Denk et al., 1990. 

both of which can form images on a CCD detector or by synchronous 
digitization of the analog ou^ut of a photomultipHer tube. 

to screening application^ tt is often necessary to use a particular cell line. or. 
primary ceU culture, to take advantage of particular features of those cells. Hose 
skilled in the art of cell culh^ wUl recogni^that some ceU lines are contact inhibited, 
meaning that they wiU stop g^wing when they become surrounded by other cells, 
while other cell lines will continue to gmw under those conditions and the c»lls will 
.„ literally pile up. forming many layers. An example of such a cell line is the HEK 293 
(ATCC CRL-1573) line. An optical system that can acquire images of single cell 
layers in multilayer preparations is required fbr use with cell lines tha tend to ibrm 
layers. -n,e large depth offieldofwide field microscopes produces an image that is a 
projection through the many layers of cells, making analysis of subcellular spatial 
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distributions extremely difficult in layer-fonning cells. Alternatively, the very shallow 
depth of field that can be achieved on a confocal microscope, (about one micron), 
allows discrimination of a single cell layer at high resolution, simplifying the 
determination of the subcellular spatial distribution. Similarly, confocal imaging is 
preferable when detection modes such as fluorescence lifetime imaging are required. 

The output of a standard confocal imaging attachment for a microscope is a 
digital image that can be converted to the same format as the images produced by the 
other cell screening system embodiments described above, and can therefore be 
processed in exactly the same way as those images. The overall control, acquisition 
and analysis in this embodiment is essentially the same. The optical configuration of 
ihc confocal microscope system, is essentially the same as that described above, except 
for the illuminator and detectors. Illumination and detection systems required for 
confocal microscopy have been designed as accessories to be attached to standard 
microscope optical systems such as that of the present invention (Zeiss, Germany). 
These alternative optical systems therefore can be easily integrated into the system as 
described above. 

Figure 4 illustrates an alternative embodiment of the invention in which cell 
arrays are in microwells 40 on a microplate 4L described ion co-pending U.S. 
Application S/N 08/865,341, incorporated by reference herein in its entirety. Typically 
the microplate is 20 mm by 30 mm as compared to a standard 96 well microtiter plate 
which is 86 mm by 129 mm. The higher density array of cells on a microplate allows 
the microplate to be imaged at a low resolution of a few microns per pixel for high 
throughput and particular locations on the microplate to be imaged at a higher 



19 



PCTAJS99/21.561 

WO 00/17643 

resolution of less than 0.5 microns per pixel. These two resolution modes help to 
improve the overall throughput of the system. 

The microplate chamber ^ serves as a microfluidic delivery system for the 
addition of compounds to cells. The microplate 41 in the microplate chamber 42 is 

5 placed in an XY microplate reader 4^ . Digital data is pro^^essed as described above. 
The small size of this microplate system increases throughput, minimizes reagent 
volume and allows control of the distribution and placement of cells for fast and precise 
cell-based analysis. Processed data can be displayed on a PC screen U and made part 
of a bioinformatics data base 44- This data base not only permits storage and retrieval 

10 of data obtained through the methods of this invention, but also permits acquisition and 
storage of external data relating to cells. Figure 5 is a PC display which illustrates the 

operation of the software. 

In an alternative embodimeat. a high throughput system (HTS) is directly 
coupled with the HCS either on the same platform or on two separate platforms 
15 connected electronically (e.g. via a local area network). This embodiment of the 
invention, referred to as a dual mode optical system, has the advantage of increasing the 
throughput of a HCS by coupling it with a HTS and thereby requiring slower high 
resolution data acquisition and analysis only on the small subset of wells that show a 
response in the coupled HTS. 
20 High tiiroughput 'whole plate' reader systems are well known in tiie art and are 

commonly used as a component of an HTS system used to screen large numbers of 
compounds (Beggs (1997), J. ofBiomolec. Screenmg 2:71-78; Macaffrey et al., (1996) 
J. Biomolec. Screening 1:187-190). 
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In one embodiment of dual mode cell based screening, a two platfomi 
architecture in which high throughput acquisition occurs on one platform and high 
content acquisition occurs on a second platform is provided (Figure 6). Processing 
occurs on each platform independenfly, with results passed over a network interface, or 
a single controller is used to process the data from both platforms. 

As illustrated in Figure 6, an exemplified two platform dual mode optical 
system consists of two light optical instruments, a high throughput platform 60 and a 
high content platform 65^ which read fluorescent signals emitted from cells cultured in 
microtiter plates or microwell arrays on a microplate, and communicate with each other 
via an electronic connection 64- The high throughput platform 60 analyzes all the wells 
in the whole plate either in parallel or rapid serial fashion. Those skilled in the art of 
screening will recognize that there are a many such commercially available high 
throughput reader systems that could be integrated into a dual mode cell based 
scrcCTing system (Topcount (Packard Instruments, Meriden, CT); Spectramax, 
Lumiskan (Molecular Devices, Sunnyvale, CA); Fluoroscan (Labsystems, Beverly, 
MA)). The high content platform 65, as described above, scans from well to well and 
acquires and analyzes high resolution image data collected from individual cells within 
a well. 

The HTS software, residing on the system's computer 62, controls the high 

throughput instrument, and results are displayed on the monitor 61. The HCS software, 

residing on it's computer system 67, controls the high content instrument hardware 65^ 

optional devices (e.g. plate loader, environmental chamber, fluid dispenser), analyzes 

digital image data from the plate, displays results on the monitor 66 and manages data 

measured in an integrated database. The two systems can also share a single computer, 
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in which case all data would be collected, processed and displayed on that computer, 
without the need for a local area network to transfer the data. Microtiter plates are 
transferred from the high throughput systan to the high content system 63 either 
manually or by a robotic plate transfer device, as is well known in the art (Beggs 
5 (1 997), supra; Mcaffrey (1996), supra). 

In a preferred embodiment, the dual mode optical system utilizes a single 
platform system (Figure 7). It consists of two separate optical modules, an HCS 
module 203 and an HTS module 209 that can be independently or collectively moved 
so that only one at a time is used to collect data from the microtiter plate 201- The 
10 microtiter plate 201 is mounted in a motorized X,Y stage so it can be positioned for 
imaging in either HTS or HCS mode. After collecting and analyzing the HTS image 
data as described below, the HTS optical module 2Q2 is moved out of the optical path 
and the HCS optical module 203 is moved into place. 

The optical module for HTS 202 consists of a projection lens 214, excitation 
15 wavelength filter 213 and dichroic mirror 2iQ which are used to iUuminate the whole 
bottom of the plate with a specific wavelength band fmm a conventional microscope 
lamp system (not illustrated). The fluorescence emission is coUected through the 
dichroic mirror 210 and emission wavelength filter 2n by a lens 212 which forms an 
image on the camera 216 with sensor 211. 
20 The optical module for HCS 203 consists of a projection lens 208, excitation 

wavelength filter 207 and dichroic mirror 2Q4 which are used to illuminate the back 
aperture of the microscope objective 202, and thereby the field of that objective, from a 
standard microscope illumination system (not shown). The fluorescence emission is 
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collected by the microscope objective 202 . passes through the dichroic miiTor 204 and 
emission wavelength filter 205 and is focused by a tube lens 206 which foims an image 
on the same camera 216 with sensor 215 . 

In an altemative embodiment of the present invention, the cell screening system 
further comprises a fluid delivery device for use with the live cell embodiment of the 
method of cell screening (see below). Figure 8 exemplifies a fluid delivery device for 
use with &e system of the invention. It consists of a bank of 12 syringe pumps 701 
driven by a single motor drive. Each syringe 702 is sized according to the volume to be 
delivered to each well, ^ically between 1 and 100 liL. Each syringe is attached via 
flexible tubing 703 to a similar bank of connectors which accept standard pipette tips 
705. The bank of pipette tips are attached to a drive system so they can be lowered and 
raised relative to the microtiter plate 706 to deliver fluid to each well. The plate is 
mounted on an X,Y stage, allowing movonoit relative to the optical system 707 for 
data collection purposes. This set-up allows one set of pipette tips, or even a single 
pipette tip, to deliver reagent to all the wells on the plate. The bank of syringe pumps 
can be used to deliver fluid to 12 wells simultaneously, or to fewer wells by removing 
some of the tips. 

In another aspect, the present invention provides a mefliod for analyzing cells 
comprising providing an array of locations which contain multiple cells wherein the 
cells contain one or more fluorescent reporter molecules; scanning multiple cells in 
each of the locations containing cells to obtain fluorescent signals ftom the fluorescent 
reporter molecule in the cells; converting the fluorescent signals into digital data; and 
utilizing the digital data to detemiine the distribution, environment or activity of the 
fluorescent reporter molecule within the cells. 
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Cell Arrays 

screening large numbers of con-ponnds for activity «ith respect to a particular 
biological function requires preparing arrays of cells &r parallel handling of cells and 
5 reagents. Standard 96 weU nncrotiter plates *ch are 86 nun by 129 mm. with 6mm 
diameter wells on a 9mm pitch, are us«i for compatibility »i.h current automated 
loading and robotic handling systems. The microplate is typically 20 mm by 30 mm. 
with cell locations that are 100-200 micmns in dimension on a pitch of about 500 
r^crons. Methods for making microplates are described in U.S. Patent Application 
.„ serial NO. 08/865.341, incorpora.«i by refe^nc. herein in its entirety. Microplates 
™.y consist of coplanar layers of materials to which ceUs adhete. patterned with 
materials to which cells wiB not adh^ or etdied 3.dime„sional surfaces of simUarly 
pattered materials. For ^e purpose of the following discussion, the terms -weU' and 
•microwell- refer to a loc^ionin an array of any construction ti> which ceUs adhe. and 
.5 witi^ Which ti,e cells a. imaged. Micmplates may also include fluid deUvery 
channels in fl« sp«»s between flte wells. The smaller forma, of a microplate increases 
tire overall efBciency of me system by minimi^g ^ quantities of tire reagents, 
stomge and handling during preparation and the overaU movement required for ti. 
scanning operation, to addition, tiic whole area of the micropl«e can he imaged more 
.0 efficientiy. aUowing a second mode of operation for tire microplate reader as described 
later in this document 
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A major component of the new drug discovery paradigm is a continually 
growing family of fluorescent and luminescent reagents that are used to measure the 
temporal and spatial distribution, content, and activity of intracellular ions, metabolites, 
macromolecules, and organelles. Classes of these reagents include labeling reagents 
that measure the distribution and amount of molecules in living and fixed cells, 
oivironmental indicators to report signal transduction events in time and space, and 
fluorescent protein biosensors to measure target molecular activities within living cells. 
A multiparameter approach that combines several reagents in a single cell is a powerful 
new tool for drug discovery. 

The method of the present invention is based on the high affinity of fluorescent 
or luminescent molecules for specific cellular components. The affinity for specific 
components is governed by physical forces such as ionic interactions, covalent bonding 
(which includes chimeric fiision with protein-based chromophor«s, fluorophores, and 
lumiphores), as well as hydrophobic interactions, electrical potential, and, in some 
cases, simple entrapment within a cellular component The luminescent probes can be 
small molecules, labeled macromolecules, or genetically engineered proteins, 
including, but not limited to green fluorescent protein chimeras. 

Those skilled in this art will recognize a wide variety of fluorescent reporter 
molecules that can be used in the present invention, including, but not limited to, 
fluorescently labeled biomolecules such as proteins, phospholipids and DNA 
hybridizing probes. Similarly, fluorescent reagents specifically synthesized with 
particular chemical properties of binding or association have been used as fluorescent 
reporter molecules (Barak et al., (1997), J. Biol Chem. ni-:nA91-TlS(^Q; Southwick et 
al., (1990), Cytometry 11:418-430; Tsien (1989) in Methods in Cell Biology, Vol. 29 
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Taylor and Wang (ed..). pp. 127-156). Fluorescentty labeled antibodiea areparUcularly 
^Mreportermoleoules due «,*eirhighdegreeofsp»«fid.y for attaching toasmgle 

molecular target in a nurture of molecules a. complex as a cell or tissue. 

•n,e luminescent pn,bes can be synthesized within the living cell or can be 
, transported into the cell via sevem. no^meaanica. modes including difiusion. 
ftcilitated or acUve transport. signal-se,uenc.mediated transport, and endocytoUc or 
pinocytotic uptake. Mechanical bulk loading methods, which are well known in the art. 
^ also be used to load luminescent probes into Uving cells (Barter et al. (1996). 
„-^e Uners 207:17-20; Bright et al. (1996). Cy.n:e^ 24:226-233; McNeil 
,0 (1989) in M^,Hois in Cell W Vol. 29. Taylor and Wang (eds.). pp. 153-173). 
These memods include eleCmporation and other mechanical methods such as sc^pe- 
Joading. bead-loading, impactjoading. syringe-loading. hypertomc. a^^^ 
,„,aing. Additionally, cells can be genetically engineered to express reporter 
molecules, such as GFP. coupled «. a pn,tein of interest as previously described 
„ (Ch-«c and Prasher U.S. Patent No. 5.491.084; Cubitt et al. (1995). ^ ^ 
Biochemical Science 20:448-455). 

Once in the cell, the Imninescent probes accumdate at their target domain as a 
^ultofspecificandhi^ affinity interactions withthet^et domain or other modes of 

moleculart^etingsuchassignal-seou^mediated transport. Fluoresc^ttty labeled 
.„ reporter molecules are use«d for d.«nUning the location, amount and chemrcal 
environment of the reporter. For example, whether the ^porter is in a Hpophtltc 
membrane environment or in amore aqueous — ent canbe determined (Giuliano 
ctal (1995).^«».«ev. ofBiopHysicsa^Bion.Ucu,arS»uc.ure2.^S^3Ma^^ 
and Taylor (1995). MelHo^ in Neuroscience 27:1-16). Tlte pH enviromnen, of *e 
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reporter can be determined (Bright et al. (1989), J. Cell Biology 104:1019-1033; 
Giuliano et al. (1987), Anal Biochem. 167:362-371; Thomas et al. (1979), 
Biochemistry 18:2210-2218). It can be determined whether a reporter having a 
chelating group is bound to an ion, such as Ca++, or not (Bright et al. (1989), In 
Methods in Cell Biology, Vol. 30, Taylor and Wang (eds.), pp. 157-192; Shimoura et al. 
(1988), 7. of Biochemistry (Tokyo) 251:405-410; Tsien (1989) In Methods in Cell 
Biology, Vol. 30, Taylor and Wang (eds.), pp. 127-156). 

Furthermore, certain cell types within an organism may contain components 
that can be specifically labeled that may not occur in other cell types. For example, 
epithelial cells often contain polarized membrane components. That is, these cells 
asymmetrically distribute macaromolecules along their plasma membrane. Connective 
or-supporting tissue cells often contain.granuIes in which are trapped molecules specific. . 
to that cell type (e.g., heparin, histamine, serotonin, etc.). Most muscular tissue cells 
contain a sarcoplasmic reticulum, a specialized organelle whose function is to regulate 
the concentration of calcium ions within the cell cytoplasm. Many nervous tissue cells 
contain secretory granules and vesicles in which are trapped neurohormones or 
neurotransmitters. Therefore, fluorescent molecules can be designed to label not only 
specific components within specific cells, but also specific cells within a population of 
mixed cell types. 

Those skilled in the art will recognize a v^ride variety of ways to measure 

fluorescence. For example, some fluorescent reporter molecules exhibit a change in 

excitation or emission spectra, some exhibit resonance energy transfer where one 

fluorescent reporter loses fluorescence, while a second gains in fluorescence, some 

exhibit a loss (quenching) or appearance of fluorescence, while some report rotational 
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movements (Giuliano et al. (1995), Ann. Re., of Biophysics and Biomol. Struc^re 
24:405-434; CHulianoetal. (1995). A/erAo^&mNe«ro:?c/en^^ 

Scanning cell arrays 

Rctcmng to Figure 9. a prefe^d embodiment is provided to andyze cells mat 
5 comprises operatorwlireeted parameters being selected baaed on the assay being 
conducted, data acquisition by the cdl screening system on the distribntion of 
fluorescent signals within a s^nple. and interacdve daU review and analysis. At the 
start of an automated scan the operator enters information m "escribes the 
sample, specifies the filter se«ing3 and fluorescent channels to match the biological 
,„ labels being used and *e infbrmaUon sought. .and then adjusts the camera settings to 
match the sample brightness. For flexibiUty to handle a range of samples, .he software 
^lows selecHon of various param^er set^ngs used to identiftr nuclei and cytoplasm, 
and sdecdon of differed fluorescent reagents, identiflcatian of cells of interest baaed 
on morphology or brighmess. and cell nnmbera ,o be analyzed per well. These 
.5 parameters are stored in the system's for easy retrieval .or ea* au«m»ted rua "nte 
system's interactive cell identification mode simpUfies the sdecdon of morphological 
parameter limits such as the range of size, shape, and intensity of cells to be analyzed. 
Theuser specifies which wells ofthepla^the system will scan and how many fields or 

how many cells to analyze in each weU. Depending on 4e sen* mode selected by the 
20 user at step iflL the system either automadcally pre-focuses the region of the plate to 
be scanned using an autofocus pn>cedum » "find focus" of the plate lfi2 or the user 
interacdvely pr^focuses m the scanning region by selecting three "tag" points which 
define the rectangular area to be scar^ei A least-squares fit "focal plane mode," is 
then calculated fiom these tag points to estimate the focus of each well during an 
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automated scan. The focus of each well is estimated by interpolating from the focal 
plane model during a scan. 

During an automated scan, the software dynamically displays the scan status, 
including the number of cells analyzed, the cxirrent well being analyzed, images of each 
independent wavelength as they are acquired, and the result of the screen for each well 
as it is determined. TTie plate 4 (Figure I) is scanned in a serpentine style as the 
software automatically moves the motorized microscope XY stage 3 from well to well 
and field to field within each well of a 96-well plate. Those skilled in the programming 
art will recognize how to adapt software for scanning of other microplate formats such 
as 24, 48, and 384 well plates. The scan pattern of the entire plate as well as the scan 
pattern of fields within each well are programmed. The system adjusts sample focus 
with an autofocus procedure 104 (Figure 9) through the Z axis focus drive 5, controls 
filter selection via a motorized filter wheel 19, and acquires and analyzes images of up 
to four different colors ("channels" or * Wavelengths"). 

The autofocus procedure is called at a user selected frequency, typically for the 
first field in each well and then once every 4 to 5 fields within each well. The autofocus 
procedure calculates the starting Z-axis point by interpolating from the pre-calculated 
plane focal model. Starting a programmable distance above or below this set point, the 
procedure moves the mechanical Z-axis through a number of different positions, 
acquires an image at each position, and finds the maximum of a calculated focus score 
that estimates the contrast of each image. The Z position of the image with the 
maximum focus score determines the best focus for a particular field. Those skilled in 
the art will recognize this as a variant of automatic focusing methods as described in 
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Harms =. al. in Cy,on,^,ry 5 (1984), 236-243. Gtoen et al. in Cytcmem' 6 (1985), 81-91, 
and Firestone rt al. in Cyu,metry 12 (1991), 195-206. 

For image acquisition, fhe c^nera's exposure time is separately adjusted fer 
eachdye,oensureabi^.<p^i.yi.naEeftomeachchannel.Softwareproceduresoanb= 

5 called, a. the tier's optior. «. correct for registration shifts be^^een wavelengths by 
accounting for linear (X and Y) shifts between wavele„g«« before making any further 
measurements. The electronic shutter IS is controlled so that sample photo-bleaching is 
kept ,0 a minimum. Bacicg^und shading and uneven iUumination can be corrected by 
the software using methods known in the art (Bright et al. (.987). J. C^l BU,,. 

10 104:1019-1033). 

,„ one channd, images are ac<pired of a primary marker ISi (Fig- 9) 
(typically cell nuclei counterstdned with DAP. or PI fluorescent dyes) which are 
segmented ("identified") using an adaptive ti3resholding procedure. adaptive 
tt^bolding procedure 126 is used fo dynamieaUy select the tiueshold of an hn^e for 
. separatingceUsf™m.hebackground.mstainingofeeUswithfiuorescentdyesean 

var, to an unk.«>wn degree aetoss cells in a microtiter plate sample as weU as withm 
iruages of a field of celis within each wel, of a microtiter plate. This variation can occur 
asaresuUofsamp.eprep.rationand/ormedynamicnati«ofcens.Aglobal threshold 

iscalculated for the complete hnage to sep^ ^ ceUs ftom background and account 
.„ for field to field variation. These global adaptive techniques are variants of those 
described in the ar. (Ki«l» et aL in Co^^ Vision. OrapHics. an, We 
30 (.985). 125-147. Ridler et al. in lEBB Tran.. SysUn.. Man. W 
Cybernetics (1978), 630-632.) 
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An alternative adaptive thresholding method utilizes local region thresholding 
in contrast to global image thresholding. Image analysis of local regions leads to better 
overall segmentation since staining of cell nuclei (as well as other labeled components) 
can vary across an image. Using this global/local procedure, a reduced resolution 
image (reduced in size by a factor of 2 to 4) is first globally segmented (using adaptive 
thresholding) to find regions of interest in the image. These regions then serve as 
guides to more fully analyze the same regions at fiill resolution. A more localized 
threshold is then calculated (again using adaptive thresholding) for each region of 
interest 

The output of the segmentation procedure is a binary image wherein the objects 
are white and the background is black. This binary image, also called a mask in the art, 
is used to determine if the field contains objects m The mask is labeled witii a blob 
labeling method whereby each object (or blob) has a unique number assigned to it. 
Morphological featiires, such as area and shape, of tiie blobs are used to differentiate 
blobs likely to be cells fiiom those that are considered artifacts. The user pre-sets the 
morphological selection criteria by either typing in known cell morphological features 
or by using flie interactive tiraining utility. If objects of interest are found in the field, 
images are acquired for all oflier active channels 108, otherwise the stage is advanced 
to the next field i02 in the current well. Each object of interest is located in the image 
for fijrther analysis HO. The software determines if the object meets the criteria for a 
valid cell nucleus m. by measuring its morphological features (size and shape). For 
each valid cell, the XYZ stage location is recorded, a small image of the ceU is stored, 
and features are measured 112. 
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Thecellscamingmethodofa,epr»«Umveattoncanbe„sed,op«fon„many 
diifcren, assays on cellular samples by applying a nnmber of analytical meB,ods 
sin.nltaneo.sly tc measnrc fea^rea a. mnltiple wavelengtt«. An example of one »ch 
assay provides for the foUowing measuremaits: 

n>e total fluorescent intensity within the ceU nucleus for oriors M 
i^^^t:'^ZlZrVJ.t^^^ - Shape 



1. 

2. 
3. 



features. 

a) perimeter squared area 

b) box area ratio 



4. 
5. 



6. 
7. 



20 8- 
9. 



av^gttolS^S'inteosi.y within the cell nucleus for colors 1^ (i.e. 
#1 divided by #2) f„ outride the nucleus (see Figure 10) 

colors 2-4 

:S::^g?flSSrSr^ of *e cytoplasmic mas. for colors 2^ 
average fluorescent intensity within the cell nucleus 

divided by #4) ,„^„er>pnt intensitv of the cytoplasmic mask 

^.-lors 2. 

" ,0 fj^e^JJSJoffluorescent domains (also call spots, d^^ 

the cell nucleus for colors 2-4 

Features . ^„gh 4 are genera, of the different ceU screening 

30 assaysoftheinvention. -These steps are commonly used in a variety of image analysts 
applications and are well taown in art (Russ (1992) I*. Ma,. Prooessin, Han.^K 
CRC Press tac.; Oonzales et al. (1987, «g«<,/ /-g. ^ce..i„g. Addison-Weslc, 
Publi^mg CO. pp. 391^). Features 5-9 have been developed spedtically to provrde 
n^easuremcnts of a cell's fluorescent molecules within the local cytoplasmic region of 
35 the cell and the translocation (i.e. movement) of fluorescent molecules ftom flte 
cyu>plasm to the nucleus, lltese feato^s (steps 5-9) are used for analyzing cells m 
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microplates for the inhibition of nuclear translocation. For example, inhibition of 
nuclear translocation of transcription factors provides a novel approach to screening 
intact cells (detailed examples of other types of screws will be provided below). A 
spedfic metiiod measures the amount of probe in the nuclear region (feature 4) versus 
5 the local cytoplasmic region (feature 7) of each cell. Quantification of the difference 
between these two sub-cellular compartments provides a measure of cytoplasm-nuclear 
translocation (feature 9). 

Feature 10 describes a screen used for counting of DNA or RNA probes within 
the nuclear region in colors 2-4. For example, probes are commercially available for 
) identifying chromosome-specific DNA sequences (Life Technologies, Gaitiiersburg, 
MD; Genosys, Woodlands, TX; Biotechnologies, Inc., Richmond, CA; Bio 101, Inc., 
Vista, CA) Cells are flu-ee-dimensional in nature and when examined at a high 
magnification under a microscope one probe may be in-focus while another may be 
completely out-of-focus. The cell screening method of the present invention provides 
for detecting three-dimensional probes in nuclei by acquiring images firom multiple 
focal planes. The software moves the Z-axis motor drive 5 (Figure 1) in small steps 
where the step distance is user selected to account for a wide range of different nuclear 
diameters. At each of tiie focal steps, an image is acquired. The maximum gray-level 
intensity fix)m each pixel in each unage is found and stored in a resulting maximum 
projection image. The maximum projection image is then used to count the probes. The 
above method works well in counting probes tiiat are not stacked directly above or 
below another one. To account for probes stacked on top of each other in the Z- 
direction, users can select an option to analyze probes in each of the focal planes 
acquired. In this mode, the scanning system perfomw the maximum plane projection 
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„e*od as discussed above, detect p«.be regions of inures, in 4is in^ ^en teU^er 

analyzes these regions in aU the focal plane images. 

Afier measuring cell features 112 (Figure 9). the system checks if there are any 

processed objects in me current field 113. If there are any unprocessed objects. U 

s locates the next obieC Ufi and detennines whether it meets the criteria for a vaUd cel. 

.uoleus UL and measure its feau^. Once all the objects in the cu-rent field are 

processed, the system de^rmines whe^. analysis of me current plate is complete 114; 

if „o.. it detennines the need «, find mote cells in «>e current ^eU 115. If the 

,1,, TfYZ staee to the next field within the current weU ISa 
exists, the system advances the XYZ stage to me n 

,0 or advances the stage to the next wen 114 of the plate. 

After a plate scan is complete, images and data can be reviewed with the 
.stem, image review, da.^ -lew. and summary review f^Hes. AU images, data, 
and settings fiom a scan are archived in the system's database for later review or for 
mterf^withanetworltinformaSonmanagementsystem. Data can also be exported 
,3 to other third-partystatisucalpaclcages to tabulate results and genera other re^rts. 

users can review «.e images alone of every cell a„aly«d by me syst«n wim an 
l^teracUve image review procedure HI. The user can review data on a cell-by-oeU 
basis using a combhta«on of interactive graphs, a data spreadsheet of measured 
features, and images of all the fiuotescence chamtels of a cell of interest wim the 

provided in which data can be analy«d vU inte«=ave graphs such as histograms and 
seatterplots. Users can review summa. data that are accu«uU.«d and smr— for 
^ oeus Within each weU of a plate wim an interactive well-by-weU data review 
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procedure 119 . Hard copies of graphs and images can be printed on a wide range of 
standard printers. 

As a final phase of a complete scan, reports can be generated on one or more 
statistics of flie measured features. Users can genrarate a graphical report of data 
5 summarized on a well-by-well basis for the scanned region of the plate using an 
interactive report generation procedure 120. This report includes a summaiy of the 
statistics by well in tabular and graphical format and identification infonnation on the 
sample. The report window allows the operator to enter comments about the scan for 
later retrieval. Multiple reports can be generated on many statistics and be printed with 
10 the touch of one button. Reports can be previewed for placement and data before being 
printed. 

The above-recited embodiment of the method operates in a single high 
resolution mode referred to as the high content screening (HCS) mode. The HCS mode 
provides sufficient spatial resolution within a well (on the order of 1 ym) to define the 
15 distribution of material within the well, as well as within individual cells in the well. 
The high degree of information content accessible in that mode, comes at the expense 
of speed and complexity of the required signal processing. 

In an altemative embodiment, a high throughput system (HTS) is directly 
coupled with the HCS either on the same platform or on two separate platforms 
20 connected electronically (e.g. via a local area network). This embodiment of the 
invention, referred to as a dual mode optical system, has the advantage of increasing the 
throughput of an HCS by coupling it with an HTS and thereby requiring slower high 
resolution data acquisition and analysis only on the small subset of weUs that show a 
response in the coupled HTS. 
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High throughput .v*ole ptate' reader .yst«ns are weU ino,™ ix. the art and are 

oonm.only used as . con,ponent of an HTS system used to soecn large numbers of 

oompounds (Beggs « al. (1997). ^pn.; MeCaftey C al. (1996). ). The HTS of 
thepresentlnventioniscatriedoutonthemic^^iter plate ormic^wel. array by reading 

5 many or all wells in the plate sunultaneously with sufadent resolution to make 

detenninaaons on a well-by-well basis. That is. calculaao,^ are made by averaging fl>e 

total signal output of many or all the cells or .he buUc of the material in eaeh well. 

wells «,at exhibit some defined response in the HTS (the W) are flagged by me 
^.em.T.enonthesamemicro.iterplateormictowel,array.eaehweUiden«fiedasa 

,„ hitismeasuredv^HCSasdesertWabove. the dual mode process involves: 

,„oiic nf a mica-otiter plate or microwell array, 
^ Raoidlv measuring numerous wells ot a micromcrp , , 

1. RapiQiymea^ b activity of fluorescently labeled 

^XS^le^lett;ec^=wX-:-^^asis.^iden.^ 

exhibit a defined response), 
,s 3 Imaging numerous cells in each "hit" well, and 

15 3. imagmgn determine the distribution, environment or 

4. Interpreting the digital ^^^^^ the individual cells (i.e. 

activity of the fluorescentVl^el^ -P^^^ ,o test for specific 

intraceUular measurements) and the mstnouuo 
biological functions 

In a preferred embodiment of dual mode processing (Figure 1 1), at the star, of a 
run m. *e operator enters infonnation m ^ describes the plate and its contents, 
speciaesthefilter settings andflnorescen.channelsU,rna.**ebiologicallabelsb^ 

used. th. information sought and the camera se«ings to match the sample brighmess. 
,s These paran-eters are stored in the system's database fbr easy retrieval fcr each 
sutomated run. Tlte microater plate or microwel, array is loaded into the cell s^ng 
system m eifl>er manuaUy or automatically by conb^Uing a robotic loading dev.ce. 

, 1, ^04 is controlled by the system to maintain the 
An optional environmental chamber 304 IS controuea y 
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temperature, humidity and CO2 levels in the air surrounding live cells in the microtiter 
plate or microwell array. An optional fluid delivery device 3fi5 (see Figure 8) is 
controlled by the system to dispense fluids into the wells during the scan. 

High throughput processing 306 is first performed on the microtiter plate or 
» microweU array by acquiring and analyzing the signal fiom each of the wells in the 
plate. The processing performed in high throughput mode 307 is illustrated in Figure 12 
and described below. Weils that exhibit some selected intensity response in this high 
throughput mode ("hits") are identified by the system. The system performs a 
conditional operation 308 that tests for hits. If hits are found, those specific hit wells are 
fiirther analyzed in high content (micro level) mode 309. The processing performed in 
high content mode 312 is illustrated in Figure 13. The system then updates 310 the 
informatics database 311 with results of the measurements on the plate. If there are 
more plates to be analyzed 313 the system loads the next plate 303; otherwise the 
analysis of the plates terminates 314 . 

The following discussion describes the high throughput mode illustrated in 

Figure 12. The preferred embodiment of the system, the single platform dual mode 

screening system, will be described. Those skilled in the art will recognize that 

operationally the dual platform system simply involves moving the plate between two 

optical systems rather than moving the optics. Once the system has been set up and the 

plate loaded, the system begins the HTS acquisition and analysis 401 . The HTS optical 

module is selected by controlUng a motorized optical positioning device 402 on the 

dual mode system. In one fluorescence channel, data from a primary marker on the 

plate is acquured 4Q2 and wells are isolated from the plate background using a masking 

procedure 404. Images are also acquired in other fluorescence channels being used 405. 
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Tie region in each image com^ponaing » ccJ, weU ffifi i» »--d 401- A fca«are 
ealculaM ftan> *e measurement for a pardcular wcU is compared vdfl. a p^defined 
fl^shoid or in«nsi.yresponse4<a.andbas«.o.«>cresnl.ae well is eite flagged as 

a "hit" 402 or not Tl»e loca«ons of fl.e wells flagged as to are recorded for 
s subse-pent high conten. mode processing. If ttere are weiW remaining «. be processed 
m fl,e p«>gram loops back 426 .nUl all *e wells have been processed 4U and fl.e 
system exits high throughput mode. 

Following HTS analysis. system starts me hi^ content mode processing 
52. defined in Figure .3. The system selects the HCS optical module m by 
,„ controUing mo.ori.cd positioning syst«n. For each weU identified in high 
a^ughput mode, the XV stage location of the well is rcMeved ftom memory or d.. 
and the stage is then moved to the selected st^e location m autofocus procedure 
sad is called for the firs, field in each hi. weU and th«t once every 5 to S fields wid^ 
■ each well. In one channel, images are acuired of *e primary marker ^ (typically 
. cel. mtdei coun»rs.ain«i with DAP.. HoecKs. or P. fluorcscen. dye). images are 
men se^en.ed (separated into regions of m«.ei and non-nuCei, using an adaptive 
^reshCding procedure m The output of ^ segmentaHon procedure is a binary mas. 
wherein the object are whi.e and d. badcground is black. This binary image, also 
ealledamaskinthe^isusedtodete^ineifthefieldcon^nsobieCmTlremaslc 

. .„ is labeled with a blob UbeUng med».d whereby each obJe« (or blob) has a uni,ue 
number assigned to it. If object are found in *e field, images are acnired for all other 
ac«vechanneIsmo.herwised.estgeis advanced to drenext field a4ind.ecur.en. 

well Each objec. is loca.ed in *e image for forther analysis m Morphological 
features.^d.asareaandshapeoftheobiects.areused«,selecobiec.s likelytobe 
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cell nuclei 510. and discard (do no further processing on) those that are considered 
artifacts. For each valid cell nucleus, the XYZ stage location is recorded, a small image 
of Uie cell is stored, and assay specific features are measured 511. The system then 
performs multiple tests on the cells by applying several analytical mefliods to measure 
5 features at each of several wavelengths. After measuring thie cell features, the systems 
checks if there are any unprocessed objects in the current field 512. If there are any 
unprocessed objects, it locates the next object 509 and determines whether it meets the 
criteria for a valid cell nucleus 510, and measures its features. After processing all the 
objects in the cuirent field, the system deteremines whether it needs to find more cells 
10 or fields in the current well 513. If it needs to find more cells or fields in the cuirent 
well it advances the XYZ stage to the next field within the current well 515. 
Otherwise, the system checks whether it has any remauung hit wells to measure 515. If 
so, it advances to the next hit weU 503 and proceeds through another cycle of 
acquisition and analysis, otherwise the HCS mode is finished 516. 

15 In an alternative embodiment of the present invention, a method of kinetic live 

cell screening is provided. The previously described embodiments ofthe invention are 

used to characterize the spatial distribution of cellular components at a specific point in 

time, the time of chemical fixation. As such, these embodiments have limited utihty 

for implementing kinetic based screens, due to the sequential nature of the image 

20 acquisition, and the amount of time required to read all the wells on a plate. For 

example, since a plate can require 30 - 60 minutes to read through all the wells, only 

very slow kinetic processes can be measured by simply preparing a plate of live cells 

and then reading through all the weUs more than once. Faster kinetic processes can be 

measured by taking multiple readings of each well before proceeding to the next well, 
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bat fl.e dapsed toe beween ft. to. =nd las. well would be .00 long, and ^ ktoetio 
processes would likely be complete before reaching the last weU. 

m kinedc Uve ceU extension of the invention enables the design and use of 
screens in which a biological precess is d-araCerized by its kinetics instead o£ or in 
3 addition to. its spatial charaCerisHca. In many cases, a response in live cells can be 
n,casuredby adding a reagent to a specific well and making multiple measurements on 
well with a,e appropriate timing. Ws dynamic Uve ceU embodiment of the 
invention therefore includes apparams for fluid delivery to individual wells of the 
system in order to deliver reagents to each well a. a specific time in advance of reading 
,„ the well. This embodiment thereby allows kinetic measurements .0 be made witit 
.emporal resolution of seconds to minutes on each well of the pUte. To improve the 
overall efficiency of the dynamic live ceU system. ti,e ac<^sition control program « 
modified .0 aUow repetitive data collection fiom sub-regions of the plate, allowing the 
system to read oflterwellsbetweenthetimepointsrequirel for anindividual wen. 

Figure 8 describes an e«mple of a fluid delivery device for use witir the live 
ceU embodiment of the invention and is described above. This set-up allows one set of 
pipette tips m or even a single pipette tip. to deliver reagent to aU the wells on the 
Plate. T^e bank of syringe pumps m can be used te deliver fluid «, 12 wells 
simul.aneously.ortofewerweUsbyremovingsomeofthetipsm The temporal 
.0 resolution of the system can therefore be adjusted, without sacrificing date coUection 
efficiency, by changing the numbe, of tips and the scan pattern as follows. Typically. 
ti.e data collection and analysis fiom a single weU takes about 5 seconds. Moving fiom 
.ell to well and Reusing in a well requires *out 5 seconds, so the overaU cycle tune 

for a wel, is about 10 seconds. Therefore, if a single pipette tip is used to deliv. fluid 
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to a single well, and data is collected repetitively fiom that well, measurements can be 
made with about 5 seconds temporal resolution. If . 6 pipette tips are used to deliver 
fluids to 6 wells simultaneously, and the system rq)etitively scans all 6 wells, each scan 
will require 60 seconds, thereby establishing the temporal resolution. For slower 
processes which only require data collection every 8 minutes, fluids can be delivered to 
one half of the plate, by moving the plate during the fluid delivery phase, and then 
repetitively scanning that half of the plate. Therefore, by adjusting the size of the sub- 
region being scanned on the plate, the temporal resolution can be adjusted without 
having to insert wait times between acquisitions. Because the system is continuously 
scanning and acquiring data, the overall time to collect a kinetic data set from the plate 
is then simply the time to perform a single scan of the plate, multiplied by the number 
of time points required. Typically, 1 time point before addition of compounds and 2 or 
3 time points following addition should be sufEcient for screening puiposes. 

Figure 14 shows the acquisition sequence used for kinetic analysis. The start of 
processing 801 is configuration of tiie system, much of which is identical to the 
standard HCS configuration. In addition, the operator must enter information specific 
to the kinetic analysis being performed 802, such as the sub-region size, tiie number of 
time points required, and the required time increment A sub-region is a group of wells 
that will be scanned repetitively m order to accumulate kinetic data. The size of the 
sub-region is adjusted so that the system can scan a whole sub-region once during a 
single time increment, thus minimizing wait times. The optimum sub-region size is 
calculated firom the setup parameters, and adjusted if necessary by the operator. The 
system then moves the plate to the first sub-region SQ3, and to the first well in tiiat sub- 
region 804 to acquire the prestimulation (time = 0) time points. The acquisition 
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sequ«>ce perfctmed in each well is the s«ne as tot r«,»ired for toe specific 

HCS being run in kinetio mode. Figure 15 deUUs a flow chart fcr that p^cessing. AH 
of the steps be^^ecn toe Stan S21 the return 2ffi are identical to those described as 
steps an - SIA in Figure 13. 

After processing each well in a suVregion. the system checks to see if att the 
wells in the sub-region have been processed m (Figure 14). and cycles throujjx all the 
wells unm the whole region has been processed. The system then moves the plate into 
position for fluid addition, and controls fluidic system ddiveo- of fluids to the entire 
sub-region m rbis may require multiple additions for sub-regions which span 
0 ^eral rows on toe plate, with the system moving the plate on me XV stagebetween 
additions, once the fluids have been added, the system moves to the fi.t weU in the 
aub^gion m .0 begin acquisition of time points. The data is acquired fiom each well 
522 and as before the system cycles teough all the wells in d.e sub-region Slfl- After 
each pass through the sub-region, the system dtedcs whether aU flte time points have 
,5 beenconec.ed8Uandi(not.pausesmifn-ssaryS12.ostaysynchronizedwi.hthe 

requested time increment. Otherwise, the system checks for additional sub-tegions on 
the plate £14 and eia>er moves to the next sub-region m - finishes 515- Tl>us. the 
kinetic analy^s mode comprises operator identificadon of sub-regions of the microUter 
plate or microwelU to be screened, based on the Hneac response to be invesdgated. 
ao with data acquisitions within a sub-region prior to daU acquisition in subsequent sub- 
regions. 

Specific Screens 
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In another aspect of the present invention, cell screening methods and machine 
readable storage medium comprising a program containing a set of instructions for 
causing a cell screening system to execute procedures for defining the distribution and 
activity of specific cellular constituents and processes is provided. In a preferred 
embodiment, the cell screening system comprises a high magnification fluorescence 
optical system with a stage adapted for holding cells and a means for moving the stage, 
a digital camera, a light source for receiving and processing the digital data fi*om the 
digital camera, and a computer means for receiving and processing the digital data from 
the digital camera. This aspect of the invention comprises programs that instruct the 
cell screening system to define the distribution and activity of specific cellular 
constituents and processes, using the luminescent probes, the optical imaging system, 
and the pattern recognition software of the invention. Preferred embodiments of the 
machine readable storage medium comprise programs consisting of a set of instmctions 
for causing a cell screening system to execute the procedures set forth in Figures 9, 1 1, 
12, 13, 14 or 15. Another preferred embodiment comprises a program consisting of a 
set of instructions for causing a cell screening system to execute procedures for 
detecting the distribution and activity of specific cellular constituents and processes. In 
most preferred embodiments, the cellular processes include, but are not limited to, 
nuclear translocation of a protein, cellular morphology, apoptosis, receptor 
internalization, and protease-induced translocation of a protein. 

In a preferred embodiment, the cell screening methods are used to identify 

compounds that modify the various cellular processes. The cells can be contacted with 

a test compound, and the effect of tiie test compound on a particular cellular process 

can be analyzed. Alternatively, the cells can be contacted with a test compound and a 
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taovm agent that modifies the partieular ceU>aar process, to determine whether the test 
compound can inhibit or enh^roe the effect of the known agent Thus, the meaK>ds can 
be nsed to identify test compounds ftat increase or decrease a particular celtalat 
response, as well as to idendfy test compounds that affects the abUity of other agents to 
increase or decrease a particular celtalar response. 

I„ another preferred embodhnent, the locations containing cells are analyzed 
using the above methods a. low resolution in a hi^ throughput mode, and only a subset 
of the locaUons containing cells are analy^d in a high content mode to obtain 
luminescent signals ftom the luminescently labeled reporter molecules in subcellular 
compartments of the cells bring analyzed. 

T^e following e«mples are intended for purposes of illustradon only and 
should no, be construed «> hmit «>e scope of the mvenaon. as defined in the claims 
appended hereto. 

me various dtemical compounds, reagents, dyes, and «*ibodies that are 
.efened to in the following Examples are commercially available floni such sources as 
Sigma Chemical (St Louis. MO). Molecdar Probes (Eugene. OR). Aldrid. Chemical 
company (Milw»kee. WO, Accurate Chemical Company (Westbury, NY), Jackson 
Immunolabs, and Clontech (Palo Alto. CA). 
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Example 1 Cytoplasm to Nucleus Translocation. Screening: 

a. Transcription Factors 

Reguladon of transcription of some genes involves acdvation of a transcripdon 

aotor in the cytoplasm, resulting in that feotor being transported into dre nucleus where 
it can initiate transcription of a particular gene or genes. This change in transcription 
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factor distribution is the basis of a screen for the cell-based screening system to detect 
compounds that inhibit or induce transcription of a particular gene or group of genes. 
A general description of the screen is given followed by a specific example. 

The distribution of the transcription factor is determined by labeling the nuclei 
with a DNA specific fluorophore like Hoechst 33423 and the transaiption factor with a 
specific fluorescent antibody- After autofocusing on the Hoechst labeled nuclei, an 
image of the nuclei is acquired in the cell-based screening system and used to create a 
mask by one of several optional thresholding methods, as described supra. The 
morphological descriptors of the regions defined by the mask are compared with the 
user defined parameters and valid nuclear masks are identified and used with the 
following method to extract transcription factor distributions. Each valid nuclear mask 
is eroded to define a slightly smaller nuclear region. The original nuclear mask is flien 
dilated in two stqps to define a ring shaped region around the nucleus, which represents 
a cytoplasmic region. The average antibody fluorescence in each of these two regions 
is determined, and the difference between these averages is defined as the NucCyt 
Difference. Two examples of determining nuclear translocation are discussed below 
and illustrated in Figure lOA^. Figure lOA illustrates an unstimulated cell with its 
nucleus 200 labeled with a blue fluorophore and a transcription factor in the cytoplasm 
201 labeled with a green fluorophore. Figure lOB illustrates the nuclear mask 202 
derived by the cell-based screening system. Figure IOC illustrates the cytoplasm 203 
of the unstimulated cell imaged at a green wavelength. Figure lOD illustrates the 
nuclear mask 202 is eroded (reduced) once to define a nuclear sampling region 204 
wifli minimal cytoplasmic distribution. The nucleus boundary 202 is dilated (expanded) 
several times to form a ring that is 2-3 pixels wide that is used to define the 

45 



PCTAJS99/21561 

WO 00/17643 

cytoplasmic sampling «gion m &r the same ceU. Figure lOE farther iUusf^tes a side 
view which shows the nuclear sampling region 224 and file cytoplasmic sampling 
region 225. Using these two sampling regions, data on nuclear translocation can be 
automatically analyzed by the cell-based screening system on a ceU by cell baris. 
Figure lOF-J illustrates the strategy fer detennining nuclear translocation in a 
stimulated cell. Figure lOF iUustrales a stimulated ceU with its nucleus m labeled with 
a blue fluorophore and a transcription fector in the cytoplasm 221 labeled with a gre«> 
fluon^phore. The nuclear mask 2!B in Figure lOG is derived by the cell based 
screening system. Rgure lOH illustrates the cytoplasm 222 of a stimulated cell imaged 

at a green wavelength. Figure 101 illustrates the nuclear sampling region 2U and 
cytoplasmic sampling region 2U of the stimulated cell. Figure lOJtotherilhstratesa 

side view which shows fte nudear sampling region 2U and the cytoplasmic sampling 

region 212 . 

A specific application of this method has been used to validate this me&od as a 
A human cell Une was plated in 96 well microtiter plates. Some rows of wells 
titrated with IL-1. a known inducer of the NF-KB transcription factor. The cells 
then fixed and stained by standard methods with a fluorescein labeled antibody to 
the transcription factor, and Hoechst 33423. The cell-based screening system was used 
to acquire and analyze images from this plate and the NucCyt Difference was found to 
be strongly correlated with the amount of agonist added to the wells as illustrated in 
Figure 16. In a second experiment, an antagonist to the receptor for IL-1. IL-IRA was 
titrated in the presence of IL-la, progressively inhibiting the translocation induced by 
IL-la. Hie NucCyt Difference was found to strongly correlate with this inhibition of 
translocation, as illustrated in Figure 17. 



screen 

were 

were 
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Additional experiments have shown that the NueCyt Difference, as well as the 
NucCyt ratio, gives consistent results over a wide range of cell densities and reagent 
concentrations, and can therefore be routinely used to screen compound libraries for 
specific nuclear translocation activity. Furfliennore, the same method can be used with 
antibodies to other transcription factors, or GFP-transcription factor chimeras, or 
fluorescently labeled transcription factors introduced into living or fixed cells, to screen 
for effects on the regulation of transcription factor activity. 

Figure 18 is a representative display on a PC screen of data which was obtained 
in accordance with Example 1. Graph 1 180 plots the difference between the average 
antibody fluorescence in the nuclear sampling region and cytoplasmic sampling region, 
NucCyt Difference verses Well #. Graph 2 181 plots the average fluorescence of the 
antibody in the nuclear sampling region, NPl average, versus the Well #. Graph 3 182 
plots the average antibody fluorescence in the cytoplasmic sampling region, LIPl 
average, versus Well #. The software permits displaying data from each cell. For 
example. Figure 18 shows a screen display 183, the nuclear image m and the 
fluorescent antibody image 1^5 for cell #26. 

NucCyt Difference referred to in graph 1 180 of Figure 18 is the difference 
between the average cytoplasmic probe (fluorescent reporter molecule) intensity and 
the average nuclear probe (fluorescent reporter molecule) intensity. NPI average 
referred to in graph 2 181 of Figure 18 is the average of cytoplasmic probe (fluorescent 
reporter molecule) intensity within the nuclear sampling region. LIP 1 average referred 
to in graph 3 1^ of Figure 18 is the average probe (fluorescent reporter molecule) 
intensity within the cytoplasmic sampling region. 



47 



PCT/US99/21561 

WO 00/17643 

„ will be understood by one of sldll in the art that this aspeot of the invention 
en be perfonned ming other transoripdon fcctots that translocate ftom .he cytoplasm 
,0 the nucleus upon acdvation. In anoth. specific e«mple. activation of the ofos 
transcription &ctor was assessed by defining its spatial position within cells. Activated 
5 .fos is found only within the „ucl»s. while inactivated cfos resides within the 

3T3 ceUs were plated at 5000-10000 cells per well 

cytoplasm. 

i„ a Polyfiltronics 96.well plate. The cells we« allowed to attach and grow overnight. 
ThccelU wererinsed twice with 100 pi se™n,-fiee m«ii«m, incubated for 24-30 hours 
in serunr-fiee MEM cultur. mediun. and then stinrulated with platelet derived grow* 
,„ ^.ctor (PDOF-BB) (Sigma Chemical Co.. St lx.uis. MO) diluted directly into serun, 
ftee medium a. concentrafions ran^g fiom 1-50 ng/ml for an average fime of 20 
minutes. 

FoUowing stimulation. ceUs were fixed for 20 minutes in 3.7-/. formaldehyde 
solution in IX HatJ. buffered saline solution (HBSS). After fixation, the cells were 
, washed with HBSS to remove residual fixative, permeabilized for 90 seconds with 
0 5% Triton X-100 solution in HBSS. and washed twice with HBSS to remove residual 
detergent The cells were then blocked te 15 minutes «ifi. a 0.1% solution of BSA in 
HBSS. and fimher washed with HBSS prior to addition of diluted primary antibody 
solution. 

^Fos rabbit polyclonal antibody (Calbiochem. PC05) was dUuted 1:50 in 
HBSS and 50 m of the dilution was appUed to each well. Cells we« incubated in the 
presence of primary antibody for one hour a. room tempenuure. and then incubated fi>r 
one hour a, room temperature in a Ught tight container wim goat anti-rabbit s^ndaty 
antibody conjugated to ALEXA™ 488 (Molecular Probes), diluted 1:500 fi.m a .00 
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Hg/ml Stock in HBSS. Hoechst DNA dye (Molecular Probes) was then added at a 
1:1000 dilution of the manufacturer's stock solution (10 mg/ml). The cells were then 
washed with HBSS, and the plate was sealed prior to analysis with the cell screening 
system of the invention. The data from these experiments demonstrated that the 
methods of the invention could be used to measure transcriptional activation of c-fos by 
defining its spatial position within cells. 

One of skill in the art will recognize that while the following method is applied to 
detection of c-fos activation, it can be applied to the analysis of any transcription factor 
that translocates from the cytoplasm to the nucleus upon activation. Examples of such 
transcription factors include, but are not limited to fos and jun homologs, NF-KB 
(nuclear fector kappa from B cells), NFAT (nuclear factor of activated T-lymphocytes), 
and STATs (signal transducer and activator of transcription) factors (For example, see 
Strehlow, L. and Schindler. C. 1998. J. Biol Chem. 273:28049-28056; Chow, et al. 
1997 Science. 278:1638-1641; Ding et al. 1998 J. Biol. Chem. 273:28897-28905; 
Baldwin, 1996. Annu Rev Immunol. 14:649-83; Kuo, C.T., and J.M. Leiden. 1999. 
Annu Rev Immunol 17:149-87; Rao, et al. 1997. Annu Rev Immunol 15:707-47; 
Masuda,et al. 1998. Cell Signal 10:599-611; Hoey. T., and U. Schindler. 1998. Curr 
Opin Genet Dev. 8:582-7; Liu, et al. 1998. Curr Opin Immunol 10:271-8.) 

Thus, m Ihis aspect of the invention, indicator cells are treated with test 
compounds and the distribution of luminescently labeled transcription factor is 
measured in space and time using a ceU screening system, such as the one disclosed 
above. The luminescently labeled transcription factor may be expressed by or added to 
the cells either before, together with, or after contacting the ceUs with a test compound. 
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For =x»mple. fte tr^oription fi«*>r may *e expressed as a lonunesceofly 
labeled protein chtae« by Tanrfected indicator cells. Altemadvely. the luminescenUy 
ld,eled tran^ptio. fac«>r may be e^ressed. isolated, and buBc-loaded into the 
indicator cells as described above, or the transcripdon fector may be teninesc«^y 
5 labeled after isolation. As a tether altemative. the transcription factor is expressed by 
Arc indicator cell, which is subscuenUy contacted ^.h a Inminescen. label, such as an 
antibody, that detects the transcription fcctor. 

m a fcrther aspect, kits are provided for analyzing transcription fector activation, 
comprising an antibody that specifically recognizes a transcription factor of interest, 
,„ and inst^ctions for using the antibody for carryhtg out the methods described above, 
to a preferr«. embodiment. *e transcription factor-specific antibody, or a secondary 
antibody d-at detects d.e transcription actor antibody, is lun^escentiy'aWea. In 
^ preferred embodiments, the kit contains ceUs express d« transcription 
fector of htterest. and/or flte kit contains a compound that is known to modi^ activation 
,S of the transcription fi.tor of interest, including but not lintited to platelet derived 
growth ftcor (PDGF) and sennn, which both modify f^s activation; and interieukm 
,0^1) and tumor necrosis faCorflW). whi* bo* modify NF-KB activation. 

U anotirer embodhn^tt, the kit comprises a recombinant expression vector 
comprising a nucleic acid encoding a transcription ftctor of interest that translocates 
,0 ftom the cytoplasm to the tmcleus upon activation, and instructions for ustng ti.e 
expression vector to identify compounds that modify nation f^r activation in a 
eon of interest. Alternatively, the kits contain a purified, luminescently l*el«d 
^cription fector. In a preferred embodhnen, the ti^cription fector is exptessed as 
a ftsion protein with a luminescent protein, including but not limited to green 
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fluorescent protein, luceriferase, or mutants or fiagments fliereof. In various preferred 
onbodiments, the kit further contains cells fliat are transfected with the expression 
vector, an antibody or fragment that specifically bind to the transcription factor of 
interest, and/or a compound that is known to modify activation of the transcription 
factor of interest (as above). 

b. Protein Kinases 

The cytoplasm to nucleus screening methods can also be used to analyze the 
activation of any protein kinase that is present in an inactive state in the cytoplasm and 
is transported to the nucleus upon activation, or that phosphorylates a substrate that 
translocates fh>m the cytoplasm to the nucleus upon phosphorylation. Examples of 
appropriate protein kinases include, but are not limited to extracellular signal-regulated 
protein kinases (ERKs), c-Jun amino-terminal kinases (JNKs), Fos regulating protein 
kinases (FRKs), p38 mitogen activated protein kinase (p38MAPK), protein kinase A 
(PKA), and mitogen activated protein kinase kmases (MAPKKs). (For example, see 
HaU, et al. 1999. J Biol Chem. 274:376-83; Han. et al. 1995. Biochim. Biophys. Acta. 
1265:214-2211 Jaaro et al. 1997. Proc. Natl Acad. ScL U.S.A. 94:3742-3747; Taylor, et 
al. 1994. J. Biol Chem. 269:308-318; Zhao, Q., and F. S. Lee. 1999. J Biol Chem. 
274:8355-8; PaoliUoet al. 1999. J Biol Chem. 274:6546-52; Coso et al. 1995. Cell 
81:1137-1146; Tibbies, L.A., and J.R. Woodgett. 1999. Cell Mol Life Sci. 55:1230-54; 
Schaeffer, H.J., and M.J. Weber. 1999. Mol Cell Biol 19:2435-44.) 

Alternatively, protein kinase activity is assayed by monitoring translocation of a 
luminescently labeled protein kinase substrate from the cytoplasm to the nucleus after 
being phosphorylated by the protein kinase of interest. In this embodiment, the 
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substrate is r.on-phosphorylated and cytoplasmic prior to phosphorylation, and is 
translocated to the nucleus upon phosphorylation by the protem kinase. There is no 
requirement that the protein kinase itself translocates from the cytoplasm to the nucleus 
in Ihis embodiment Examples of such substrates (and the corresponding protein 
5 kinase) include, but are not limUed to ^jun (JNK substrate); fos (FRK substrate), and 
p38 (p38 MAPK substrate). 

Thus, in these embodiments, indicator cells axe treated with test compounds and 
are distribudon of luminesoentiy labeled protein ^ <" lutein kinase substrate is 
measured in space and time using a ceU screening system, such as the one disclosed 
,„ above. Tlie lummescently labeled protein Hnase protem kinase substrate may be 
^pressed by or added to the cells either before, together with, or after contactmg the 
cells with a test compound. For ex«nple. flte pt^tdn kinase or protein kinase substrate 
may be expressed as a luminescenUy labeled protein chimera by transfected indicator 
cells. Alternatively, the luminescenUy labeleJ protein kinase or protem kinase 
substrate may be expre^. isolated, and hulk-loaded into the indicator cells as 
described above, or the protein kinase or protdn kinase snbs^te may be luminescenUy 
labeled after isolation. As a furttter alternative. *e proteh. kinase or protein kmase 
substrate is expressed by the mdicator cell, which is subsequenUy contacted wiUr a 
luminescent label, such as a labeled antibody, that detects fte protein kinase or protein 

20 kinase substrate. 

,„ a flHther embodhnent. protein kinase activity is assayed by monitoring Ute 
phosphorylaUon state (ie: phosphorylated or not phosphorylated) of a protein kinase 
substrate. In this embodiment. Utere is no re,uimnen. that either U,e pmtein kinase or 
U.e protein kinase substrate translocate ftom Ure cytoplasm to U.e nucleus upon 
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activation. In a preferred embodiment, phosphorylation state is monitored by 
contacting the cells with an antibody that binds only to the phosphorylated form of the 
protein kinase substrate of interest (For example, as disclosed in U.S. Patent No. 
5,599,681). 

5 In another preferred embodiment, a biosensor of phosphorylation is used. For 

example, a luminescently labeled protein or fragment thereof can be fiised to a protein 
that has been engineered to contain (a) a phosphorylation site that is recognized by a 
protein kinase of interest; and (b) a nuclear localization signal that is unmasked by the 
phosphorylation. Such a biosensor will thus be translocated to the nucleus upon 
10 phosphorylation, and its translocation can be used as a measure of protein kinase 
activation. 

In another aspect, kits are provided for analyzing protein kinase activation, 
comprising a primary antibody that specifically binds to a protein kinase, a protein 
kinase substrate, or a phosphorylated form of the protein kinase substrate of interest and 
15 instructions for using the primary antibody to identify compounds that modify protein 
kinase activation in a cell of interest. In a preferred embodiment, the primary antibody, 
or a secondary antibody that detects the primary antibody, is luminescently labeled. In 
other preferred embodiments, the kit further comprises cells that express the protein 
kinase of interest, and/or a compound that is known to modify activation of the protein 
20 kinase of interest, including but not limited to dibutyryl cAMP (modifies PKA), 
forskolin (PKA), and anisomycin (p38MAPK)- 

AltOTiatively, the kits comprise an expression vector encoding a protein kinase 
or a protein kinase substrate of interest that translocates from the cytoplasm to the 
nucleus upon activation and instructions for using the expression vector to identify 
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For example, cellular hypertrophy has been associated with a cascade of 
alterations in gene expression and can be characterized in cell culture by an alteration in 
cell size, that is clearly visible in adherent cells growing on a coverslip. 

Cell size can also be measured to determine the attachment and spreading of 
5 adherent cells. Cell spreading is the result of selective binding of cell surface receptors 
to substrate ligands and subsequent activation of signaling pathways to the 
cytoskeleton. Cell attachment and spreading to substrate molecules is an important step 
for the metastasis of cancer cells, leukocyte activation during the inflammatory 
response, keratinocyte movement during wound healing, and endothelial cell 
10 movement during angiogenesis. Compounds that affect these surface receptoi^, 
signaling pathways, or the cytoskeleton will affect cell spreading and can be screened 
by measuring cell size. 

Total cellular area can be monitored by labeling the entire cell body or the cell 
cytoplasm using cytoskeletal markers, cytosolic volume markers, or cell surface 
15 markers, in conjunction with a DNA label. Examples of such labels (many available 
from Molecular Probes (Eugene, Oregon) and Sigma Chemical Co. (St. Louis, 
Missouri)) include the following: 

CELL SIZE AND AREA MARKERS '-^ — | 

Cytoskeletal Markers ~~ 

^ ALEXA*"^ 488 phaUoidin (Molecular Probes, Oregon) 

• Tubulin-green fluorescent protein chimeras 

• Cy tokeratin-green fluorescent protein chimeras 

• Antibodies to cytoskeletal proteins ' ' 

Cytosolic Volume Markers ""^ 

• Green fluorescent proteins * ~" 

• Chloromethylfluorescein diacetate (CMFDA) ~' 

• Calcein green ' 

• BCECF/AM ester • 

• Rhodamine dextran ~ ~ 



Cell Surface Markers for Lipid, Protein, or Oligosaccharide 
• Dihexadecyl tetramethylindocarbocyanine perchlorate (DiIC16) lipid dyes 
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10 



Protocols for cU saimng with these vmou. agents are well knovm to those 
sVdUed m the art cells arc stained live or after fixaUon and the cell area can be 
„,easured. For example, live cells stained wi* DiIC16 have homogeneously labeled 
plasma membranes, and the proj^ted cross-sectional area of the cell is uniformly 
discriminated trom backhand by fluorescence intensity of the dye. Live cells stained 
«ith cytosolic stains such as CMFDA pmduce a fluorescence intensity that is 
propordona, to ceU thickness. Although cell labding is dimmer in «>in regions of the 
cell, total cell area can be discriminated from background. Fixrf cells can be stained 
^th cytoskeletal maAets such as ALEXA™ 488 phalloidin that label polymerized 
aotin. Phalloidin does not homogen«>usly stain the cytoplasm, but sttU p«mits 
discrimination of the total cell area ftom background 



15 



Cellular hypotrophy 

A screen to analyze cellular hypertrophy is implemented using the following 
strategy. Primary rat myocytes can he cul»red in 96 wefl plates, treated with various 
compounds and then fix«. and labeled wim a fluorescent marker for the cell membrane 
or cytoplasm, or cy«.skeleton. such as an a«.^y «> » cel. surf^ marker or a 
fluoresc«,t marker for the cy.oskele.on like rhod^une-phalloidin, in combination wtth 
20 a DN A label like Hoechst. 
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After focusing on the Hoechst labeled nuclei, two images are acquired, one of 
the Hoechst labeled nuclei and one of tiie fluorescoit cytoplasm image. TTie nuclei are 
identified by thresholding to create a mask and then comparing the morphological 
descriptors of the mask with a set of user defined descriptor values. Each non-nucleus 
5 image (or "cytoplasmic image") is then processed separately. The original cytoplasm 
image can be thresholded, creating a cytoplasmic mask image. Local regions containing 
cells are defined around the nuclei. The limits of the cells in those regions are then 
defined by a local dynamic threshold operation on the same region in the fluorescent 
antibody image. A sequence of erosions and dilations is used to separate slightly 
10 touching cells and a second set of morphological descriptors is used to identify single 
ceUs. The area of the individual cells is tabulated in order to define the distribution of 
cell sizes for comparison with size data fi-om nonnal and hypertrophic cells. 

Responses fiom entire 96-well plates (measured as average cytoplasmic 
area/cell) were analyzed by the above methods, and the results demonstrated that the 
15 assay will perfomi the same on a well-to-weU, plate-to-plate, and day-to-day basis 
(below a 15% cov for maximum signal). The data showed very good correlation for 
each day, and that there was no variability due to well position in the plate. 

The following totals can be computed for the field. The aggregate whole 
nucleus area is the number of nonzero pixels in the nuclear mask. The average whole 
20 nucleus area is the aggregate whole nucleus area divided by the total number of nuclei. 
For each cytoplasm image several values can be computed. These are the total 
cytoplasmic area, which is the count of nonzero pixels in the cytoplasmic mask. The 
aggregate cytoplasm intensity is the sum of the intensities of all pixels in the 
cytoplasmic mask. The cytoplasmic area per nucleus is the total cytoplasmic area 
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divided by the .o,=l nucleus count The cytopl^mie intensiV P« nucleus is Ihe 
aggregate cytoplasm intensity divided by the total nucleus count The average 
cytoplasm intensity is the aggregate cytoplasm intensity divided by the cytoplasm are. 
■ne cytoplasm nucleus ratio is the toM cytoplasm area divided by me total nucleus 



area. 



Additionally, one or more fluorescent antibodies to other cellular proteins, such 
as the major muscle ptoteins acdn or myosin, can be mduded. Images of these 
additional Ubeled proteins can be acquired and stored with the above images, for later 
^ew, to identify anomalies in the distribution and morphology of these proteins in 
.„ hypertrophic cells. This exan^ple of a multi-parametric sc«en aUows fcr simultaneous 
analysis of cellular hypertrophy and changes in actin or myosin distribution. 

one of sm in the art will recogmze that whUe the example analyzes myocyte 
hypertrophy, tire methods can be applied «. analyzing hypertrophy, or general 
moipholo^eal changes in any cell type. 
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Cell morphology assays for P"""^ cardmma 

CeU spreading is a measure of the response of cell surface receptors to substrate 
^enthgands. Spreading is proportional to the Hgand conc«tratio„ or to the 
concentrationofcompoundstiiatreducereceptor-ligandftnction. One cample of 
,0 selective ceU— e attadnnent is prostate ca^oma cel. adhesion to the 
extraceUular mahix protein coHagen. Prostate carcinoma cells metastasize to bone vra 

selective adhesion to collagen. 

compounds tirat interfere ,«fh metastasis of prostate carcinoma cells were 
screened as follows. PC3 human prostate carcinoma cells were culh^ed in media witi. 
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appropriate stimulants and are passaged to coUagoi coated 96 well plates. Ligand 
concentration can be varied or inhibitors of cell spreading can be added to the wells. 
Examples of compounds that can affect spreading are receptor antagonists such as 
integrin- or proteoglycan-blocking antibodies, signaling inhibitors including 
5 phosphatidyl inositol-3 kinase inhibitors, and cj^oskeletal inhibitors such as 
cytochalasin D. After two hours, cells were fixed and stained with ALEXA™ 488 
phalloidin (Molecular Probes) and Hoechst 33342 as per the protocol for cellular 
hypertrophy. The size of cells , under these various conditions, as measured by 
cytoplasmic staining, can be distinguished above background levels. The number of 
) cells per field is determined by measuring the number of nuclei stained with the 
Hoechst DNA dye. The area per cell is found by dividing the cytoplasmic area 
(phalloidin image) by the cell number (Hoechst image). The size of cells is 
proportional to the ligand-receptor function. Since the area is detennined by ligand 
concentration and by the resultant function of the ceU, drag efficacy, as well as drug 
potency, can be determined by this cell-based assay. Other measurements can be made 
as discussed above for cellular hypertrophy. 

The methods for analy2ang cellular morphology can be used in a combined high 
throughput-high content screen. In one example, the high throughput mode scans the 
whole well for an increase in fluorescent phalloidin intensity. A threshold is set above 
which both nuclei (Hoechst) and cells (phalloidin) are measured in a high content 
mode. In another example, an enviromnental biosensor (examples include, but are not 
limited to, those biosensors that are sensitive to calcium and pH changes) is added to 
the cells, and the cells are contacted with a compound. The cells are scanned in a high 
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.hroughput mode and fto» *dls thM exceed a pm^tetennined threshold for 
luminescence of the biosensor are scanned in a high content mode. 

In a finther aspect, kits are provided for analyzing cellular mon.hology. 
comprising a luminescent compound tot can be used to specifically label Ihe ceU 
5 cytoplasm, membrane, or cytoskeletpn (such as those described above), and 
instructions for using the luminescent compound to identic, test stimuli that induce or 
iriubit changes in ceUular morphology according to the above methods. In a preferred 
embodiment, the kit further comprises a luminescent marker for cell nudd. In a father 
p^erred embodiment, the kit comprises at least one compound that is knovm to 
,„ modi^ cellular mo^hology. including, but not limited to integrin- or proteog.yc»>- 
blocking antibodies, signaling inhibitors including phosphatidyl inositol kinase 
inhibitors, and cytoskeletal inhibitors such as cytodialasin D. 

I„ another aspect, .he present invention comprises a machine readable storage 
medium comprising a program containmg a set of instructions for causing a cell 
.5 screening system to c.«u.e the disclosed meU-ods ftr «:alyzing cellular morphology, 
wherein the cell screening system comprises an optical system vrith a stage adapted for 
holding a plate contaimng cells, a digital camera, a means for directing fluorescence or 
luminescence emitted trom the cells to the digital camera, and a computer means for 
receiving and processing fte digital data tan ae digital camera. 

Examples Dual Mode High Thrcusfvut and High-Conlent Screen 

The following example is a screen for activation of a O-protein coupled receptor 
(GPCR) as detected by the translocation of the OPCR fiom the plasma membrane «. a 
« proximal nuclear location. This example iUustrates how a high throughput sc«en can 
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be coupled with a high-content screen in the dual mode System for Cell Based 
Screening. 

G-protein coupled receptors are a large class of 7 trans-membrane domain cell 
surface receptors. Ligands for these recq)tors stimulate a cascade of secondary signals 
: in the ceU, which may include, but are not limited to, Ca^ transients, cyclic AMP 
production, inositol triphosphate (IP3) production and phosphorylation. Each of these 
signals are rapid, occuring in a matter of seconds to minutes, but are also generic. For 
example, many different GPCRs produce a secondary Ca^ signal when activated. 
Stimulation of a GPCR also results in the transport of that GPCR from the cell surface 
membrane to an internal, proximal nuclear compartment. TWs internalization is a much 
more receptor-specific indicator of activation of a particular receptor than are the 
secondary signals described above. 

Figure 19 illustrates a dual mode screen for activation of a GPCR. Cells 

carrying a stable chimera of the GPCR with a blue fluorescent protein (BFP) would be 

loaded with the acetoxymethylester form of Fluo-3, a cell permeable calcium indicator 

(green fluorescence) that is trapped in Uving cells by the hydrolysis of the estere. They 

would flien be deposited into flie wells of a microtiter plate 601. The wells would then 

be treated with an array of test compounds using a fluid delivery system, and a short 

sequence of Fluo-3 images of the whole microtiter plate would be acquired and 

analyzed for wells exhibiting a calcium response (i.e., high throughput mode). The 

images would appear like the illustration of the miootiter plate §01 in Figure 19. A 

small number of wells, such as wells C4 and E9 in the illustration, would fluoresce 

more brightly due to the Ca** released upon stimulation of the receptors. The locations 

of wells containing compounds that induced a response 602, would then be transferred 
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«> the HCS program and the optics etched fcr detailed cdl by ceU ai.alysis of the blue 
fluorescence for evidence of GPCR translocation to the petinucleaT region. Thebottoni 
of Figure 19 illustrates the two possible outcomes of the analysis of the high resolution 
eell data. The camera images a sub-region 6fi4 of the «eU are. m producing images 
5 ofthefluorescentcellsfiaS. In well C4. the unifom. distribirtion of the fluorescence in 
a,e cells indicates that the receptor has not internalized, implying that the Ca" response 
seen was the result of the stimulation of some other signalUng system m the cell. The 
cells in well E9 m on the other hand, cleariy tadicate a concentraUon of the receptor 
iu the perinuclear region clearly indicating the Ml activation of the receptor. Because 
,„ only a few hit wells have to be analyzed with high resoMon. the overaU throughput of 
the dual mode system can be quite high, comparable to the hi,Jr throu^Pu. system 



alone. 



Excmvle4 Kinetic High Content Screen 

TTre following is an e«mple of a screen to measure the Idnetics of 
int^nalization of a realtor. As descnbed above, the stimulation of a GPCR. results in 
the internalization of the receptor, with a time co«se of about 15 min. Simply 
detecting the endpoint as in.en,aliz»i or not. may not he sufficient for defining the 
potency of a compound as a GPCR agonist or antagomst. However, 3 time points at 5 
,0 ^inmtervalswouldprovideinformaaonnotonlyaboutpotencyduringthethnecourse 

of measurement, hut would also aUow cxtrapolaHon of the data «. mud, longer time 
periods. TO perform 4is assay, the sub-region would be defined as two rows, the 
sampling interval as 5 minutes and fl« total number of tune points 3. The system 
would then start by scanning two rows, and .h«a adding reagent to the two n.ws. 
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establishing the time=0 reference. After reagent addition, the system would again scan 
the two row sub-region acquiring the first time point data. Since this process would 
take about 250 seconds, including scanning back to the beginning of the sub-region, the 
system would wait 50 seconds to begin acquisition of the second time point Two more 

5 cycles would produce the fliree time points and the system would move on to the 
second 2 row sub-region. The final two 2-row sub-regions would be scanned to finish 
all the wells on the plate, resulting in four time points for each well over the whole 
plate. Although the time points for the wells would be offset slightly relative to 
time=0, the spacing of the time points would be very close to the required 5 minutes, 

a and the actual acquisition times and results recorded with much greater precision than 
in a fixed-cell screen. 



Example 5 High-content screen of human glucocorticoid receptor translocation 

One class of HCS involves the drug-induced dynamic redistribution of 
intracellular constituents. The human glucocorticoid receptor (hGR), a single "sensor" 
in the complex environmental response machinery of the cell, binds steroid molecules 
that have diffused into the cell. The ligand-receptor complex translocates to the 
nucleus where transcriptional activation occurs (Htun et al., Proc. Natl. Acad. Sci. 
93:4845,1996). 

In geaiCTal, hormone recq)tors are excellent drug targets because flieir activity 
lies at the apex of key intracellular signaling pathways. Therefore, a high-content 
screen of hGR translocation has distinct advantage over in vitro ligand-receptor binding 
assays. The availability of up to two more channels of fluorescence in the cell 
screening system of the present invention permits the screen to contain two additional 
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parameters in parallel, sud, as other ^c^tors. oth« distinct targets or other oeUular 

processes. 

Pb.smid conamct. A eokaryotic expression plasmid oonlaining a codii>g 
sequence for a green fluorescent protdn - human glucocorticoid recq,lx>r (GFP-hGR) 
5 chimera was prepared uring GFP mutants CPahn et al.. Na£ Sm^t. BM. 4:361 (1997). 
The construct was used to transfect a human cervical carcinoma oeU line (HeLa). 

Ceaprepara^n and tran^^on. HeU cells (ATCC ca.2) were toi^inized 
and plated using DMEM containiog 5% d,arcoal/d«t.ran-..«L.ed fetal bovme serum 
(FBS) (HyClone) and 1% peniciUin^treptomycin (C-DMEM) 12-24 hours prior to 
,0 transfecdon and incubated at 37»C and 5% CO. • Transfections were performed by 
calcium phosphate co-precipitaUon (Graham and Van der Eb. Virology 52:456. 1973; 
Sambrook e. al.. (1989). Mol^ar Oonlm: A I^ra^ Manual, Second ed. Cold 
Spring Hari^or Laboratoo- Press. Cold Spring Harbor. 1989) or with Lipofectamine (Ufe 
Technologies. Qaithe,.bu,g. MD). For the calcium phosphate transfections. the 
.5 mediun. was replaced, prior to transection, with DMEM comaining 5% 
charcoal/dextran-treated FBS. Cells were incubated wift the calcium phosphate-DNA 
precipitate for 4-5 hours a. 37»C and 5% CO. washed 3-4 times wifl. DMEM to 
remove the predpitale. followed by the addition of C-DMEM. 

Lipofectamine tmnsfections were perfermed in serun>-ftee DMEM without 
^ antibiotics according to the manufec».er-s instructions (Life Technologies. 
Gaithe^burg. MD). FoUowing a 2-3 hour incubation with the DNA-liposome 
complex., the medium was removed and replaced with C-DMEM. Al. transfected 
cells in 96-weU microliter plates were in^bated a. 33-C and 5% CO. for 24-48 hours 
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prior to drug treatment. Experiments were performed with the receptor expressed 

transiently in HeLa cells. 

Dexamethasone induction of GFP-hGR translocation. To obtain receptor- 

ligand translocation kinetic data, nuclei of transfected cells were first labeled with 5 
; ^ig/ml Hoechst 33342 (Molecular Probes) in C-DMEM for 20 minutes at 33°C and 5% 

CO2. Cells were washed once in Hank's Balanced Salt Solution (HBSS) followed by 
the addition of 100 nM dexamethasone in HBSS with 1% charcoal/dextran-treated 
FBS. To obtain fixed time point dexamethasone tifration data, transfected HeLa cells 
were first washed with DMEM and then incubated at 33°C and 5% CO2 for 1 h in the 
presence of 0 - 1000 nM dexamethasone in DMEM containing 1% charcoal/dextran- 
treated FBS. Cells were analyzed live or they were rinsed with HBSS, fixed for 15 min 
with 3.7% fonnaldehyde in HBSS. stained with Hoechst 33342, and washed before 
analysis. The intraceUular GFP-hGR fluorescence signal was not diminished by this 
fixation procedure. 

Image acquisition and analysis. Kinetic data were collected by acquiring 
fluorescence image pairs (GFP-hGR and Hoechst 33342-labeled nuclei) from fields of 
living cells at 1 min intervals for 30 min after the addition of dexamethasone. 
Likewise, image pairs were obtained from each well of the fixed time point screening 
plates 1 h after the addition of dexamethasone. In both cases, the image paire obtained 
at each time point were used to define nuclear and cytoplasmic regions in each cell. 
Translocation of GFP-hGR was calculated by dividing the integrated fluorescence 
intensity of GFP-hGR in the nucleus by the integrated fluorescence intensity of the 
chimera in the cytoplasm or as a nuclear-cytoplasmic difference of GFP fluorescence. 
In the fixed time point screen this translocation ratio was calculated from data obtained 
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ftom at least 200 cells at e«* eoncentration of dexameftasone tested. Dmg-induced 
tratislocation of GFP-hGR from the cytoplasm to the m»=leus was flterefore conelated 
with an increase in the translocation ratio. 

JWB. Figure 20 schematically displays the diug-induced cytoplasm ZSl to 
5 nucleus 22 translocation of the human glucocoticoidreieptor. ■ftc upper pair of 
schematic diagrams depicts the localization of GFP-hGR within the ceU before 252 (A) 
and after 251 (B) stimulaHon with dexamethasone. Under these experimental 
conditions, the dn.g induces a large potion of the cytoplasmic GFP-hGR to .ransloca»= 
into the nucleus. This redUtdbution is quandfied by determining the integrated 
,0 intensides ratio of the cytoplasmic and nuclear fluorescence in treated 25i and 
™^.ed 254 cells. The lower pair of fluorescence micrographs show ti,e dynamic 
redistribution of GFP-hGR in a single cell, before 2H and after 255 treannent tire 
HCS is performed on wells containing hundreds to thousands of transfected cells and 
the translocation is quantified for each ceU in the field exhibidng GFP fluorescence. 
.5 Althou^ ihe use of a stably transfected cdl Une would yield the most consistently 
tabeled cells, the heterogeneous levels of GFP-hGR expression induced by transient 
transfecUon did not interfere with analyst by fl» ceU s«eening system of the present 
invention. 

To execute the screen, the cell screening system scans each well of the plate, 
» intages a population of cells in each, and analyzes cells individually. Here, two 
channels of fluorescence are used to define the cytoplasmic and nuclear distribution of 
the GFP-hGR within each cell. Depicted in Figure 21 is the graphical user interfece of 
the cell screening system nearthe «.d of a GFP-hGR screen. Theuser interface depicts 
the parallel data collecUon and analysis capabUity of the system. Ute windows labeled 
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••Nucleus" 261 and "GFP-hGR" 262 show the pair of fluorescence images being 
obtained and analyzed in a single field. The window labeled •'Color Overlay" 260 is 
formed by pseudocoloring ttie above images and merging them so the user can 
immediately identify cellular changes. WiMn the "Stored Object Regions" window 
5 265, an image containing each analyzed cell and its nei^bors is presented as it is 
archived. Furthermore, as the HCS data are being collected, they are analyzed, in this 
case for GFP-hGR translocation, and translated into an immediate ''hit" response. The 
96 well plate depicted in the lower window of the screen 2^ shows which wells have 
met a set of user-defined screening criteria. For example, a white-colored well 269 
10 indicates that the drug-induced translocation has exceeded a predetermined threshold 
value of 50%. On the other hand, a black-colored well 270 indicates that the drug being 
tested induced less than 10% translocation. Gray-colored wells 268 indicate "hits" 
where the translocation value fell between 10% and 50%. Row "E" on the 96 well 
plate being analyzed 266 shows a titration with a drug known to activate GFP-hGR 
15 translocation, dexamethasone. This example screen used only two fluorescence 
channels. Two additional channels (Channels 3 263 and 4 264) are available for 
parallel analysis of other specific targets, ceU processes, or cytotoxicity to create 
multiple parameter screens. 

There is a link between the image database arid the information database that is 
20 a powa^l tool during the validation process of new screens. At the completion of a 
screen, the user has total access to image and calculated data (Figure 22). The 
comprehensive data analysis package of the cell screening system allows the user to 
examine HCS data at multiple levels, hnages 276 and detailed data in a spread sheet 
229 for individual cells can be viewed separately, or summary data can be plotted. For 
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e«mple. fee calculated tenuis of a *.gl= parameter fcr ead, ceQ in a 96 v,eU plate are 
shown in fl.e panel labded Graph 1 225. By selecting a single point in the graph, flic 
^er can display the entire data set fcr a pardcular edl that is recalled ftom an existing 
database. Shown here are the image pair m -d detailed fluorescence and 
5 morphometric data fi™ a single ceU (CeU #118. gray line iZB- m large gn>phical 
insert m.*ows the results of dexamethasone conce„t«tion on the translocation of 
GFP-hGR. Each point is the average of data ftom at 1«^ 200 cells. The calcuUted 
ECso for dexamethasone in this assay is 2 nM. 

A powerM aspect of HCS vdth the cell screening system is the capabUity of 
,0 kinetic measurements using multicolor fluorescence and motphometric parametets m 
living cells. Temporal and spatial measurements can be made on single cells wiUnn a 
population of ceUs in a field. Figure 23 shows kmetic data for the dexamethasone- 
induced translocation of GFP-hGR in several cells within a single field. Human HeLa 
cells transfccted with GFP-hGR were treated with .00 nM dexamethasone and the 
,5 translocationofOFP-hORwasmeasuredoverSmeinapopulaUonofsinglccells. The 

graph shows the response of transacted cells 215. m m -d m and non- 
tnmsfected cells m these data also illustrate the ability to analyze oeUs with 
different expression levels. 



20 



Example 6 High-content screen of drug-induced apoptosis 

Apoptosis is a complex cellular program that involves myriad molecular events 
and pathways. To understand the mechanisms of drug action on this process, it is 
essential to measure as many ofthese events within cells as possible with temporal and 

spaUal resolution, ^refore. an apoptosis screen that requires little cell sample 
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preparation yet provides an automated readout of several apoptosis-related parameters 
would be ideal. A cell-based assay designed for the cell screening system has been 
used to simultaneously quantify several of the morphological, organellar. and 
macromolecular hallmarks of paclitaxel-induced apoptosis. 
5 Cell preparation. The cells chosen for this study were mouse coimective tissue 

fibroblasts (L-929; ATCC CCL-1) and a highly invasive glioblastoma cell line (SNB- 
19; ATCC CRL-22I9) (Welch et al.. In Vitro Cell. Dev. Biol. 31:610. 1995). The day 
before treatment with an apoptosis inducing drug, 3500 cells were placed into each well 
of a 96-wen plate and incubated overnight at 37°C in a humidified 5% CO2 
10 atmosphere. The following day, the culture medium was removed fi-om each well and 
replaced with fi-esh medium containing various concentrations of paclitaxel (0 - 50 
|iM) from a 20 mM stock made in DMSO. The maximal concentration of DMSO used 
in these experiments was 0.25%. The cells were then incubated for 26 h as above. At 
the end of the paclitaxel treatment period, each weU received fresh medium containing 
15 750 nM MitoTracker Red (Molecular Probes; Eug«ie, OR) and 3 jig/ml Hoechst 33342 
DNA-binding dye (Molecular Probes) and was incubated as above for 20 min. Each 
well on the plate was then washed with HBSS and fixed with 3.7% fonnaldehyde in 
HBSS for 15 min at room temperature. The formaldehyde was washed out with HBSS 
and the cells were penneabiKzed for 90 s with 0.5% (v/v) Triton X-100, washed with 
20 HBSS, incubated with 2 U ml"' Bodipy FL phallacidin (Molecular Probes) for 30 min, 
and washed with HBSS. The wells on the plate were then filled with 200 ^1 HBSS, 
sealed, and the plate stored at 4°C if necessary. The fluorescence signals from plates 
stored this way were stable for at least two weeks after preparation. As in the nuclear 
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translocation assay, fluorescence reagents can be designed to convert ftis assay into a 

live cell high-content screen. 

image acuisUion ami anafy^ on *. Am^ SysUm. The fluorescence 
intensity of intracellular MitoTradcer Red. Hoechs. 33342. and Bodipy FL phdladdio 
was measured wifl. fl.e eeU serening systeo. as described Morphometric data 

from each pair of images obtained fton, each »eB was also obtained to detect ead, 
object in the image field (e.^.. cells ™d nuclei), and to cal^late its size, shape, and 
integrated intensity. 

CalculaHon, and ou^ut A total of 50-250 cells were measured per image 
field. For each field of cells, the fbUowing calculations were performed: (1) The 
average nuclear area was calculated by dividing the total nuclear are. in a field 
by the number of nuclei de.ec.ed. (2) THe average nuclear perimeter 0-) was 
calculated by dividing the sum of the perimeters of all nuCei in a field by the number 
of nuclei detected in that field. Highly convoluted apoptotic nuclei had the largest 
.3 nuclearperimeterva,ues.(3)maveragenuclearbrighmesswascalcula.edbydividing 

the integrated intensity of the endre field of nuclei by the number of nuclei in field. 
An increase in nuclear brigh«.ess was correl,.«l with increase DNA content. (4) The 
average cellular brightness was calculated by dividing ti.e integ«ted intensity of an 
entire field of cells stained with MitoTracker dye by the mnnber of nudei m that field. 
,„ Because .he amount of Mi«.Tracker dye that accumulates within tte miU>choadria is 
proporHonal « *e mitochondrial potential, an increase in fi>e average ceU brighmess is 
consistent with an increase in mitochondrial potential. (5) The average ceUular 
brighmess was also calculated by dividing fl» inUgraUd iMensity of an entire field of 
cells stained with Bodipy FL phallacidin dye by ti>e munber of nuclei in that field. 
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Because the phallotoxins bind with high affinity to the polymerized form of actin, the 
amount of Bodipy FL phallacidin dye that accumulates within the cell is proportional to 
actin polymerization state. An increase in the average cell brightness is consistent with 
an increase in actin polymerization. 
' Results. Figure 24 (top panels) shows the changes paclitaxel induced in the 

nuclear morphology of L-929 cells. Increasing amounts of paclitaxel caused nuclei to 
enlarge and fragment 293, a hallmark of apoptosis. Quantitative analysis of these and 
other images obtained by the cell screoiing system is presented in the same figure. 
Each parameter measured showed that the L-929 cells 296 were less sensitive to low 
concentrations of paclitaxel than were SNB.19 cells 222- At higher concentrations 
though, the L-929 cells showed a response for each parameter measured. The 
multiparameter approach of this assay is useful in dissecting the mechanisms of drug 
action. For example, the area, brightness, and fragmentation of the nucleus 298 and 
actin polymerization values 294 reached a maximum value when SNB-19 cells were 
treated with 10 nM paclitaxel (Figure 24; top and bottom graphs). However, 
mitochondrial potential 295 was minimal at the same concentration of paditaxel 
(Figure 24; middle graph). The fact that all the parameters measured approached 
control levels at increasing paclitaxel concentrations (>10 nM) suggests that SNB-19 
cells have low affinity drug metabolic or clearance pathways that are compensatory at 
sufficiently high levels of the drug. Contrasting the drug sensitivity of SNB-19 cells 
227, L-929 showed a different response to pacUtaxel 296. These fibroblastic cells 
showed a maximal response in many parameters atSpM paclitaxel, a 500-fold higher 
dose than SNB-19 cells. Furthemiore, the L-929 cells did not show a sharp decrease in 
mitochondrial potential 295 at any of the paclitaxel concentrations tested. This result is 
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oonsfatent with Ihc presence of «imq»e apoptosis pathways between a normal and 
cancer cell line. Therefore, these results indicate that a relatively simple fluorescence 
labeling pmtocol can be coupled with the cell screening system of the present invention 
,0 produce a high-content screen of key events involved in pn>grammed cell death. 

5 

fi^mpfe 7. Pro,ea.e induced Irw^locaUon of a signaling enzyme conU.imng a 
disease-assocUMdsequencefrom cytoplasm to nucleus. 

Plasmid construct. A eukar>-otic exptession plasmid containing a coding 
,„ sequence for a green fluores«nt protein - caspase (Cohen (1997). BiocHemical J. 
326:1-16; Liang et al. (1997). J. ofMolec. Biol 274:291-302) chimera is prepared nstag 
GPP mutants. The construct is used to tiansfect eukaryotic cells. 

CeUprepara^n and transfecHon. Cells »e tryp^nized and plated 24 h pdor 
to transfection and incubated at 37»C and 5% CO.. Transfections are peribrmed by 
.3 methods including, but not hmited to calcium phosphate coprecipitation or Upofcction. 
Cells are incubated with the calcium phosphate-DNA pr^ipitate for 4-5 hours at 37«C 
and 5% CO.. washed 3^ .hnes wifl. DMEM to remove the precipitate. foUowed by the 
addition of C-DMEM. LipofecWne transtections are performed in serum-free 
DMEM without antibiotics according to the mamtfacturer's instructions. Following a 
20 2-3 hour incubation with the DNA-liposome complexes, fte medium is removed and 

replaced with C-DMEM. 

Apopototic induction ofCaspas^FP translocation. To obtain Caspas^GFP 
.^location kineHc data, nuclei of .ransi»«ed cells are first labeled with 5 ^gtal 
Hoechst 33342 (Molecular Probes) in C-DMEM for 20 minutes at 37»C and 5% CO.. 
.5 cells are washed once in Hank-s Balanced Salt Solution (HBSS) foUowed by the 
addition of compounds that induce apoptosis. These compounds include, but are not 
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limited to paclitaxel, staurosporine, ceramide, and tumor necrosis factor. To obtain 
fixed time point titration data, transfected cells are first washed with DMEM and then 
incubated at 37°C and 5% COj for 1 h in the presence of 0 - 1000 nM compound in 
DMEM. Cells are analyzed live or they are rinsed with HBSS, fixed for 15 min with 
3.7% formaldehyde in HBSS, stained wifli Hoechst 33342, and washed before analysis. 

Image acquisition and analysis. Kinetic data are collected by acquiring 
fluorescence image pairs (Caspase-GFP and Hoechst 33342-labeIed nuclei) from fields 
of living cells at 1 mm intervals for 30 min after the addition of compound. Likewise, 
image pairs are obtained fi-om each well of the fixed time point screening plates 1 h 
after the addition of compound. In both cases, the image pairs obtained at each time 
point are used to define nuclear and cytoplasmic regions in each cell. Translocation of 
Caspase-GFP is calculated by dividing the integrated fluorescence intensity of Caspase- 
GFP in the nucleus by the integrated fluorescence intensity of the chimera in the 
cytoplasm or as a nuclear-cytoplasmic difference of GFP fluorescence. In the fixed 
time point screen this translocation ratio is calculated from data obtained fi-om at least 
200 cells at each concentration of compound tested. Drug-induced translocation of 
Caspase-GFP fix)m the cytoplasm to the nucleus is therefore correlated with an increase 
in the translocation ratio. Molecular interaction libraries including, but not limited to 
those comprising putative activators or inhibitors of apoptosis-activated enzymes are 
use to screen the indicator cell Unes and identify a specific ligand for the DAS, and a 
pathway activated by compound activity. 

Example 8. Identification of novel steroid receptors fi-om DAS 
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Two soatces of material and/or information are required to make use of this 
embodiment, which allows assessment of the toction of an uncharacterized gene. 
First, disease associated sequence bank(s) containing cDNA sequences suitable fcr 
.^feCion in«, mammalian cells can be used. Because every RADE or differential 
expression experiment generates up to several hundred sequences, it is po^T>le to 
generate an ample supply of DAS. Second, infonnation ftom primary s«,uence 
database searches can be used to place DAS into broad categories, including, but no. 
limits to. those that contain signal s«,u«aces. seven trans-membrane motift. 
conserved protease acdve site domains, or other identifiable motifs. Based on the 
informaaon acquired from these sources, method types and mdica«>r cell lines to be 
^eced are selected. A large number of moUfs are already well characterized and 
encoded in the linear sequences contained withm the large number genes in existing 
genomic databases. 

In one embodiment, the following steps are taken: 

^^^Lki^rt DaI C a «nnor lil for ceU cyde modulaUon. apoptos.. 
metastatic proteases. etcO 

SLr.lfS:ranT" ^^o^Iecu?^ » be screened, as described 

3) using well e^bUshed molecular ""JoSli^^tx^^r.^i^ t^tS 
expression vector designed fcr this P^"^'. .^^'"'^^'^^s^uences to fte ceU 
promotes. J*SC.Ss"o^SrJ^^^^ — 

— oreLon sequences like GPP. etc. to fi«.htate 

detection when expressed by the host. 
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4) Transiently transfect cells with DAS containing vectors . using standard 
transfection protocols including: calcium phosphate co-precipitation, liposome 
mediated, DEAE dextran mediated, polycationic mediated, viral mediated, or 
electroporation, and plate into microtiter plates or microwell arrays. Alternatively, 

5 transfection can be done directly in the microtiter plate itself. 

5) Carry out the cell screening methods as described supra. 

In this embodimMit, DAS shovm to possess a motif(s) suggestive of 
transcriptional activation potential (for example, DNA binding domain, amino terminal 
10 modulating domain, hinge region, or carboxy terminal ligand binding domain) are 
utilized to identify novel steroid receptors. 

Defining the fluorescent tags for this experiment involves identification of the 
nucleus through staining, and tagging the DAS by creating a GFP chimera via insertion 
of DAS into an expression vector, proximally fiised to the gene encoding GFP. 
15 Alternatively, a single chain antibody fi:agment with high affinity to some portion of the 
expressed DAS could be constructed using technology available in the art (Cambridge 
Antibody Technologies) and linked to a fluorophore (FITC) to tag the putative 
transcriptional activator/receptor in the cells. This alternative would provide an 
external tag requiring no DNA transfection and therefore would be usefiil if distribution 
20 data were to be gathered fix)m the original primary cultures used to generate the DAS. 

Plasmid construct. A eukaiyotic expression plasmid containing a coding 
sequence for a green fluorescent protein - DAS chimera is prepared using GFP 
mutants. The construct is used to transfect HeLa cells. The plasmid, when transfected 
into the host cell, produces a GFP fiised to the DAS protein product, designated GFP- 
25 DASpp. 
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CeUprepar^n and mmsfeOUm. HeLa <=dls are Sypsini^* P"^ 
DMEM containing 5% Aarcoal/dextran-treated fetal bovine serum (FBS) (Hydone) 
^ 1% penicillin-streptomycin (C-DMEM) 12-24 hours prior to tramfection and 
incubated at 37»C and 5% CO, . Transfections are performed by calcium phosphate 
5 coprecipitation or with Lipofectamine (Ufc Tedmologies). For the calcium phosphate 
.ransfecdons, the medium is replaced, prior to transfection. with DMEM containing 5% 
charcoaVdex.ran-trea.ed FBS. Cells are incubated wifl. the calcium phospha^DNA 
precipitate for 4-5 hours a. 37'C and 5% CO.. and washed 3-4 times with DMEM «. 
remove Are precipitate, followed by the addition of C-DMEM. Upotectamine 
,„ ^nstections are perfonned in serum-fee DMEM without antibiotics according to the 
n^rmftcturer-s instructions. Following a 2-3 hour incubation wift ti.e DNA-Hposome 
complexes, the medium is removed and replaced wifl. C-DMEM. All Wected ceUs 
in 96.wellmicroti.erpla.es areincubated a. 33"C and 5% CO, for 24^8 hour. priori 
drug treatment Experiments ^ perfonned wittr the receptor expressed transientiy in 
15 HeLa cells. 

locaU^n of e^re^ OFP-DASpp insUe cUs. To obtain cellular 
distribution data, nuclei of transfected cells are first labeled wifl. 5 .gtal Hoechs. 
33342 (Molecuh. Probes) in C-DMEM fcr 20 minutes a. 33"C and 5% CO. Cells are 
cashed once in Hank's Balanced Salt Solution (BBSS). The cells are analyzed live or 
,0 .hey axe rinsed wifl, HBSS. fixed for 1 5 min with 3.7«/. form^dehyde in HBSS. stained 
with Hoechst 33342. and washed before analysis. 

In a preferred embodiment, image acquisition and analysis are performed using 
the cell screening system of the present invention. ^ intracellular GFP-DASpp 
fluorescence signal is collected by acquiring fluorescence image pairs (GFP-DASpp 
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and Hoechst 33342-labeled nuclei) from field cells. The image pairs obtained at each 
time point are used to define nuclear and cytoplasmic regions in each cell. Data 
demonstrating dispearsed signal in the cytoplasm would be consistent with known 
steroid receptors that are DNA transcriptional activators. 
5 Screening for induction of GFP-DASpp translocation. Using the above 

construct, confirmed for appropriate expression of the GFP-DASpp, as an indicator cell 
line, a screen of various ligands is peifonned using a series of steroid type ligands 
including, but not limited to: estrogen, progesterone, retinoids, growth factors, 
androgens, and many other steroid and steroid based molecules. Image acquisition and 
10 analysis are performed using the cell screenmg system of the invention. The 
intraceUular GFP-DASpp fluorescence signal is collected by acquiring fluorescence 
image pairs (GFP-DASpp and Hoechst 33342-labeled nuclei) from fields cells. The 
image pairs obtained at each time point are used to define nuclear and cytoplasmic 
regions in each cell. Translocation of GFP-DASpp is calculated by dividing the 
15 integrated fluorescence intensity of GFP-DASpp in the nucleus by the integrated 
fluorescence intensity of the chimera in the cytoplasm or as a nuclear-cytoplasmic 
difference of GFP fluorescence. A translocation from the cytoplasm into the nucleus 
indicates a ligand binding activation of the DASpp thus identifying the potential 
receptor class and action. Combining this data with other data obtained in a similar 
20 fashion using known inhibitors and modifiers of steroid receptors, would either validate 
the DASpp as a target, or more data would be generated from various sources. 



25 



Example 9 Additional Screens 

Translocation between the plasma membrane and the cytoplasm: 
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ProBlactin complex dissoctoflon «.d binding of profilin «o the plasm, 
membrane. In one embodta«rt, a fluorescent pmtein biosensor of profilin membrane 
binding is prepared by labeling purified profilin (Fedcrov et d.0994). J. Molec. Biol. 
241:480-182; Lanbredrts et al. (1995). Eur. J. BiocHem. 230:281-286) with a probe 
possessing a fluorescence lifetime in the range of 2-300 ns. Tie labeled pK,filin is 
i„„„dnced into living indicator cdls using bulk loading methodology and the indicator 
cells are treated vrith test compom>ds. Rnorescence anisottopy imaging microscopy 
(Gough and Taylor (1993). J. Cell Biol. 121:1095-1107) is used to measure test- 
compound dependent movement of the fluorescent derivative of profiUn be«»een the 
cytoplasm and membrane for a period of time after treatment ranging from 0.1 s to 10 
h. 

Kho-RhoGDl complex tr««locatioB to the membrane. In anofcer 
embodiment, indicator cells are treated with test compounds and then fixed. W.ed. 
end perm«*ilized. Tb. indicator coll plasma membrane, cytoplasm, and nucl»s are 
all labeled with distincdy colored maHcers Mowed by immunolocalization of Rho 
protein (Self et al. (1995), Melko^ in En^losy 256:3-10; Tanalca e. al. (1995), 
in Bn^lo^ 256:41-49) with antibodies labeled with a fourth color. Each 
of the four labels is imaged separately using the cell screening system, and the images 
used to calculate the amount of inhibition or activation of translocation effected by the 
0 test compound. To do this calculation, tite images of .he probes used to mark the 
plasma membrane and cytoplasm are used to mask the image of the immm>ological 
probe marking the location of intiaceUular Kho protein. Ute integrated brighhtess per 
umt area under each mask is used to form a tianslocation quotient by dividing tire 
plasma membrane integrated brigh.n«s/area by the cytoplasmic integrated 
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brightness/area. By comparing the translocation quotient values from control and 
experimental wells, the percent translocation is calculated for each potential lead 
compound. 

P-Arrestin translocation to the plasma membrane upon G-protein realtor activation. 

In another embodiment of a cytoplasm to monbrane translocation high-content 
screen, the translocation of p-arrestin protein fix>m the cytoplasm to the plasma 
membrane is measured in response to cell treatment. To measure the translocation, 
living indicator cells containing luminescent domain markers are treated with test 
10 compounds and the movement of the P-arrestin marker is measured in time and space 
using the cell screening system of the present invention. In a preferred embodiment, 
the indicator cells contain luminescent markers consisting of a green fluorescent protein 
p-airestin (GFP-p-airestin) protein chimera (Barak et al. (1997), J. Biol. Chem. 
272:27497-27500; Daaka et al. (1998), J. Biol. Chem. 273:685-688) that is expressed 
15 by the indicator cells through the use of transient or stable cell transfection and other 
reporters used to mark cytoplasmic and membrane domains. When the indicator cells 
are in the resting state, the domain marker molecules partition predominately in the 
plasma membrane or in the cytoplasm. In the high-content screen, these markers are 
used to delineate the cell cytoplasm and plasma membrane in distinct channels of 
D fluorescence. When the indicator cells are treated with a test compound, the dynamic 
redistribution of the GFP-p-airestin is recorded as a saies of images over a time scale 
ranging from 0.1 s to 10 h. In a preferred embodiment, the time scale is 1 h. Each 
image is analyzed by a method that quantifies the movement of the GFP-p-arrestin 
protein chimera between the plasma membrane and the cytoplasm. To do this 
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calculation, the images of the probes used to mark the plasma membrane and cytoplasm 
are used to mask the image of the GFP-P-arrestin probe marking the location of 
intracellular GFP-P-airestin protein. The integrated brightness per unit areaunder each 
mask is used to form a translocation quotient by dividing the plasma membrane 

5 integratedbrightness/areabythecytoplasmicintegratedbri^tness/area. Bycomparing 
the translocation quotient values from control and experimental wells, the percent 
translocation is calculated for each potential lead compound. The output of the high- 
content screen relates quantitative data describing ihe magnitiide of the translocation 
within a large number of individual cells that have been treated with test compounds of 

10 interest. 

Translocation between the endoplasmic reticulum and the Golgi: 

In one embodiment of an endoplasmic reticulum to Golgi translocation high- 
content screen, the translocation of a VSVG protein from the ts045 mutant strain of 
vesicular stomatitis virus (Ellenbergetal.(1997W. Cell BioL 138:1193-1206; Presley 
15 et al. C1997) Nature 389:81-85) from tiie endoplasmic reticulum to the Golgi domain is 
measured in response to cell treatinent. To measure the translocation, indicator cells 
containing luminescent reporters are treated with test compounds and the movement of 
flxe reporters is measured in space and time using the ceU screening system of the 
present invention. The indicator cells contain luminescent reporters consisting of a 
20 GFP-VSVG protein chimera that is expressed by tixe indicator cell ti^ough the use of 
transient or stable cell transfection and other domain markers used to measure the 
localization of the endoplasmic reticulum and Golgi domains. When the indicator cells 
are in their resting state at AO'^C, the GFP-VSVG protein chimera molecules are 
partitioned predominately in the endoplasmic reticulum. In this high-content screen, 
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domain markers of distinct colors used to delineate the endoplasmic reticulum and the 
Golgi domains in distinct channels of fluorescence. When the indicator cells are treated 
with a test compound and the temperature is simultaneously lowered to 32°C, the 
dynamic redistribution of the GFP-VSVG protein chimera is recorded as a series of 
5 images over a time scale ranging from 0.1 s to 10 h. Each image is analyzed by a 
method that quantifies flie movement of the GFP-VSVG protein chimea-a between the 
endoplasmic reticulum and the Golgi domains. To do this calculation, the images of 
the probes used to mark the endoplasmic reticulum and the Golgi domains are used to 
mask the image of the GFP-VSVG probe marking the location of intracellular GFP- 
3 VSVG protein. The integrated brightness per unit area under each mask is used to form 
a translocation quotient by dividing the endoplasmic reticulum integrated 
brightness/area by the Golgi integrated brightness/area. By comparing the translocation 
quotient values from control and experimental wells, the percent translocation is 
calculated for each potential lead compound. The output of the high-content screen 
relates quantitative data describing the magnitude of the translocation within a large 
number of individual cells that have been treated with test compounds of interest at 
final concentrations ranging from lO '^ M to 10"^ M for a period ranging from 1 min to 
10 h. 



20 Induction and inhibition of organellar junction: 
Intracellular microtubule stability. 

In another aspect of the invention, an automated method for identifying 
compounds that modify microtubule structure is provided. In this embodiment, 
indicator cells are treated with test compounds and the distribution of luminescent 
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xnicrotubule-labeling molecules is measured in space and time using a cell screening 
system, such as the one disclosed above. The luminescent microtubule-labeling 
molecules may be expressed by or added to the cells either before, together with, or 
after contacting the cells with a test compound. 

In one embodiment of this aspect of the invention, living cells express a 
lumincscenUy labeled protein biosensor of microtubule dynamics, comprising a protdn 
that labels microtubules fused to a luminescent protein. Appropriate microtubule- 
labeling proteins for this aspect of the invention include, but are not limited to a and P 
tubulin isoforms. and MAP4. Preferred embodiments of the luminescent protein 
include, but are not limited to green fluorescent protein (GFP) and GFP mutants. In a 
preferred embodiment, the method involves transfecting cells with a microtubule 
labeling luminescent protein, wherein the microtubule labeling protein can be. but is 
not limited to. a-tubulin, P-tubuUn. of microtubule-associated protein 4 (MAP4). The 
approach outlined here enables tt.ose skilled in the art to make live cell measurements 
to determine the effect of lead compounds on tubulin activity and microtubule stability 



in vivo. 



In a most prrfcrred enAodim«>t. MAP4 is fte«i to a n>odified vc^on of the 
Aecn-orea scoria green fluorescent protein (GFP). A DNA cor^t has been made 
which consuls of a fcsion between the EGFP coding sequence (available fiom 
, aontech) and the coding sequence for mouse MAP4. (Olson et al.. (1995), J. CeU 
Biol. 130(3): 639-650). MAP4 is = ubiquitous microtubule-assodated protein that is 
known to interact with microtubules in inte^hase as well as mitotic cells (Olmsted and 
Murofushi, (1993). MAP4. In "Guidebook to fte CyU>skele,on and Motor Proteins." 
Oxlbrd University Ptess. T. Kxeis and R. V^e. eds.) Its localizadon. 4en. can serve as 
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an indicator of the localization, organization, and integrity of microtubules in living (or 
fixed) cells at all stages of the cell cycle for cell-based HCS assays. While MAP2 and 
tau (microtubule associated proteins expressed specifically in neuronal cells) have been 
used to form GFP chimeras (Kaech et al^ (1996) Neuron. 17: 1189-1199; Hall et al^ 
(1997), Proc. Nat Acad. Sci. 94: 4733-4738) their restricted cell type distribution and 
the tendency of these proteins to bundle microtubules when overexpressed make these 
proteins less desirable as molecular reagents for analysis in live cells originating fi-om 
varied tissues and organs. Moderate overexpression of GFP-MAP4 does not disrupt 
microtubule function or integrity (Olson et al., 1995). Similar constructs can be made 
using P-tubulin or a-tubulin via standard techniques in the art. These chimeras will 
provide a means to observe and analyze microtubule activity in living cells during all 
stages of the cell cycle. 

In another embodiment, the luminescently labeled protein biosensor of 
microtubule dynamics is expressed, isolated, and added to the cells to be analyzed via 
bulk loading techniques, such as microinjection, scrape loading, and impact-mediated 
loading. In this embodiment, there is not an issue of overexpression within the cell, 
and thus a and P tubulin isofoxms, MAP4, MAP2 and/or tau can all be used. 

In a further embodiment, the protein biosensor is expressed by the cell, and the 
cell is subsequently contacted with a luminescent label, such as a labeled antibody, that 
detects the protem biosensor, endogenous levels of a protein antigen, or both. In this 
embodiment, a luminescent label that detects a and p tubulin isofoims, MAP4, MAP2 
and/or tau, can be used. 
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A variety of GFP mutants are available, all of which would be effective in this 
invention, including, but not limited to. GFP mutants which are commercially available 

(Clontech, California). 

The MAP4 construct has been introduced into several mammalian ceU lines 
(BHK-21, Swiss 3T3. HeLa, HEK 293. LLCPK) and the organization and localization 
of tubulin has been visualized in live cdls by virtue of the GFP fluorescence as an 
indicator of MAP4 localization. The constmct can be expressed transiently or stable 
cell lines can be prepared by standard methods. Stable HeLa cell lines expressing the 
EGFP-MAP4 chimera have been obtained, indicating that expression of the chimera is 
not toxic and does not interfere with mitosis. 

Possible selectable markers.for establishment and maintenance of stable cell 
lines include, but are not limited to the neomydn resistance gene, hygromycin 
resistance gene, zeocin resistance gene, puromycin resistance gene, bleomycin 
resistance gene, and blastacidin resistance gene. 

The utility of this method for the monitoring of microtubule assembly, 
disassembly, and rearrangement has been demonstrated by treatment of transiently and 
stably transfected ceUs with microtubule drugs such as pacHtaxel. nocodazole. 

vincristine, or Aanblastine. 

The present method provides high-content and combined high throughput-high 
content cell-based screens for anti-microtubule drugs, particularly as one parameter in a 
multi-parametriccancertargetscreen. H.e EGFP.MAP4 construct used herein can also 
be used as one of the components of a high-content screen that measures multiple 
signaling pathways or physiological events. In a preferred embodiment, a combined 
high throughput and high content screen is employed, wherdn multiple cells in each of 
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the locations containing cells are analyzed in a high throughput mode, and only a subset 
of the locations containing cells are analyzed in a high content mode. The high 
throughput screen can be any screen that would be useful to identify those locations 
containing cells that should be further analyzed, including, but not limited to, 
identifying locations with increased luminescence intensity, those exhibiting 
ecpression of a reporter gene, fliose undergoing calcium changes, and those 

undergoing pH changes. 

hi addition to drug screening applications, the present invention may be applied 

to clinical diagnostics, tiie detection of chemical and biological warfare weapons, and 

the basic research market since fundamental cell processes, such as cell division and 

motility, are highly dependent upon microtubule dynamics. 

Image Acquisition and Analysis 

Image data can be obtained from either fixed or living indicator cells. To 
extract morphometric data fiom each of the images obtained the following method of 
analysis is used: 

1 . Threshold each nucleus and cytoplasmic image to prx>duce a mask that has value = 
0 for each pixel outside a nucleus or cell boundary. 

2. Overlay the mask on tiie original image, detect each object in the field (/.e., nucleus 
or cell), and calculate its size, shape, and integrated intensify. 

J. Overlay the whole cell mask obtained above on the corresponding luminescent 
microtubule image and apply one or more of the following set of classifiers to 
determine the micrtotubule morphology and the effect of drugs on microtubule 
morphology. 
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Microtubule morphology is defined using a set of classifiers to quantify aspects 
of microtubule shape, size, aggregation state, and polymerization state. These 
classifiers can be based on approaches that include co-occurr«ice matrices, texture 
measurements, spectral methods, structural methods, wavelet transforms, statistical 
methods, or combinations thereof Examples of such classifiers are as follows: 

1 A classifier to quantify microtubule length and width using edge 

edge strength and are mimmj m cells wtii depoiym ^.^ 

physiological range of microhibule "jo^l^^^^gfj^ /lO or the microtubule 

eifeer the microtubule stabilizmg drug pachtaxel (10 |iM) or me 
depolymerizing drug nocodazole (10 jig/ml), 

9 A classifier to quantify microtubule aggregation into punctate spots or 
fociusi^gmethoc^'SffromtSerecSt^^ 

3. A classifier to quantify microtubule d^olymerization using a measure 
of image texture. 

4. A classifier to quantify apparent interconnectivity. or branching (or 
both), of the microtubules. 

5 Measurement of the kinetics of microtubule reorganization using the 
above iassifie^^T^ne series of images of cells treated withtest compounds. 

In a fiirther aspect, kits are provided for analyzing microtubule stability, 
comprising an expression vector comprising a nucleic acid that encodes a microtubule 
labeling protein and instructions for using the expression vector for carrying out the 
methods described above. In a preferred embodiment, the expression vector fi^er 
, comprises a nucleic acid that encodes a luminescent protein, wherein the microtubule 
binding protein and the luminescent protein thereof are expressed as a fusion protein. 
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Alternatively, the kit may contain an antibody that specifically binds to flie 
microtubule-labeling protein. In a further embodiment, the kit includes cells ibist 
express the microtubule labeling protein. In a preferred embodiment, the cells are 
transfected with the expression vector. In another preferred embodimrat, the kits 
5 further contain a compound that is known to disrupt microtubule structure, including 
but not limited to curacin, nocodazole, vincristine or vinblastine. In another preferred 
embodiment, the kits further comprise a compound that is known to stabilize 
microtubule structure, including but not limited to taxol (paclitaxel), and 
discodermolide. 

In another aspect, the present invention comprises a machine readable storage 
medium comprising a program containing a set of instructions for causing a cell 
screening system to execute the disclosed methods for analyzing microtubule stability, 
wherein the cell screening system comprises an optical system with a stage adapted for 
holding a plate containing ceUs, a digital camera, a means for directing fluorescence or 
luminescence onitted firom the cells to the digital camera, and a computer means for 
receiving and processing the digital data from the digital camera. 

High-content screens involving the Junctional localization ofmacromolecules 

Within this class of high-content screen, the functional localization of 
macromolecules in response to external stimuli is measured within living cells. 

Glycolytic enzyme activity regulation. In a preferred embodiment of a 

cellular enzyme activity high-content screen, the activity of key glycolytic regulatory 

enzymes are measured in treated cells. To measure enzyme activity, indicator cells 

containing luminescent labeling reagents are treated with test compounds and the 
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activity of the reporters is measured in space and time tasing cell screening system of 

the present invention. 

In one embodiment, the reporter of intracellular cnzywc activity is ftuctose-6- 
phoaphate, 2-kinase»uctos^2.6-bisphosphataae {PFK-2). a regnUtoo^ enzyme whose 
phosphorylation state indicates intracelMar carbohydrate' anabolic or catabolism 
(Deprez « al. (1997) J. Bio,. Chem. 272:17269-17275; Kealer e. al. (1996) FEBS 
ie«.« 395:225-227; Lee et al. (1996). Biochen^'n' 35:6010-6019). Hre indicator 
cells contain luminescent reporters consisting of a fluorescent protein biosensor of 
PFK-2 phosphorylation. The fluorescent protein biosensor is constructed by 
introducing «. environmentally sensitive fluorescent dye near to flte known 
phosphorylaflon site of flre enzyme (Deprez e. al. (1997). supra: Giuliano et al. (1995). 
^ra). The dye can be of the ketocyanine class (Kessler and Wolfl>eis (1991). 
Sp.c«^h,mlca Acu, 47A:187-192 ) or any class that contains a protein reactive moiety 
and a fluorochrome whose excitation or mission spectrum is sensitive to soluBon 
polarity. -n>e fluorescent protein biosensor is introduced into the indicator cells ustag 

bulk loading methodology. 

Living indicator ceUs are treated with test compounds, at final concentrations 
ranging ftom lO " M to 10^ M for times ranging flom 0.1 s to 10 h. In a preferred 
embodiment, ratio image data are obtained fiom living treated indicator cells by 
collecting a spectral pair of fluorescence images at each time point. To e«ract 
morphometric data 6om each time point, a ratio is made between each pair of images 
by nmnerically dividing the two spectral images at each time point. pi«l by pixel. 
Bad, pixel value is then used to calculate the tetional phosphorylation of PFK-2. At 
smaU ftactional values of phosphorylation. PFK-2 stimulates carbohydrate catabolism. 

88 



wo 00/17643 



PCTAJS99y21561 



At high fractional values of phosphoiylation, PFK-2 stimulates carbohydrate 
anabolism. 

Protein kinase A activity and localization of subunits. In another 
embodiment of a high-content screen, both the domain localization and activity of 
protein kinase A (PKA) within indicator cells are measured in response to treatment 
with test compounds. 

The indicator cells contain luminescent reporters including a fluorescent protein 
biosensor of FKA activation. The fluorescent protein biosensor is constructed by 
introducing an environmentally sensitive fluorescent dye into the catalj^ic subunit of 
PKA near the site known to interact with the regulatory subunit of PKA (Harootunian 
et al. (1993), MoL BioL of the Cell 4:993-1002; Johnson et al. (1996), Cell 85:149-158; 
Giuliano et al. (1995), supra). The dye can be of the ketocyanine class (Kessler, and 
Wolfl^eis (1991), Spectrochimica Acta 47A:187-192) or any class that contains a 
protein reactive moiefy and a fluorochrome whose excitation or emission spectrum is 
sensitive to solution polarity. The fluorescent protein biosensor of PKA activation is 
introduced into the indicator cells using bulk loading methodology. 

In one embodiment, living indicator cells are treated with test compounds, at 
final concentrations ranging from 10"^^ M to 10'^ M for times ranging from 0,1 s to 10 
h. In a preferred embodiment, ratio image data are obtained from hving treated 
indicator cells. To extract biosensor data from each time point, a ratio is made between 
each pair of images, and each pixel value is then used to calculate the fractional 
activation of PKA {e.g., separation of flie catalytic and regulatory subunits after cAMP 
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binding). At high fractional values of activity. PFK-2 stimulates biochemical cascades 

within the living cell. 

To measure the translocation of the catalytic subunit of PKA, indicator ceUs 
containing luminescent reporters are treated with test compounds and the movement of 
the reporters is measured in space and time using the cell screening system. The 
indicator cells contain luminescent reporters consisting of domain markers used to 
measure the localization of the cytoplasmic and nuclear domains. When the indicator 
cells are treated with a test compounds, the dynamic redistribution of a PKA 
fluorescent protein biosensor is recorded intracellularly as a series of images over a 
time scale ranging from 0.1 s to 10 h. Each image is analyzed by a method that 
quantifies the movement of the PKA between the cytoplasmic and nuclear domains. To 
do this calculation, the images of the probes used to mark the cytoplasmic and nuclear 
domains are used to mask the image of the PKA fluorescent protein biosensor. The 
integrated brighmess per unit area under each mask is used to form a translocation 
quotient by dividing the cytoplasmic integrated brightness/area by the nuclear 
integrated brightness/area. By comparing the translocation quotient values from 
control and experimental wells, the percent translocation is calculated for each potential 
lead compound. The output of the high-content screen relates quantitative data 
describing the magnitude of the translocation within a large number of individual cells 
that have been treated with test compound in the concentration range of 1 0'*^ M to 10"^ 
M. 



90 



wo 00/17643 PCT/US99/21561 

High-content screens involving the induction or inhibition of gene expression 
RNA-based fluorescent biosensors 

Cytoskeletal protein transcription and message localization. Regulation of 
the general classes of cell physiological responses including cell-substrate adhesion, 
cell-cell adhesion, signal transduction, cell-cycle events, intermediary and signaling 
molecule metabolism, cell locomotion, cell-cell communication, and cell death can 
involve the alteration of gene expression. High-content screens can also be designed to 
measure this class of physiological response. 

In one embodiment, the reporter of intracellular gene expression is an 
oligonucleotide that can hybridize with the target mRNA and alter its fluorescence 
signal. In a preferred embodiment, the oligonucleotide is a molecular beacon (Tyagi 
and Kramer (1996) Nat Biotechnol 14:303-308), a luminescence-based reagent whose 
fluorescence signal is dependoit on intermolecular and intramolecular interactions. 
The fluorescent biosensor is constructed by introducing a fluorescence energy transfer 
pair of fluorescent dyes such that fliere is one at each end (5* and 3') of the reagent. 
The dyes can be of any class that contains a protein reactive moiety and fluorochromes 
whose excitation and emission spectra overlap sufficiently to provide fluorescence 
energy transfer between the dyes in the resting state, including, but not limited to, 
fluorescein and rhodamine (Molecular Probes, Inc.). In a preferred embodiment, a 
portion of the message coding for p-actin (Kislauskis et al. (1994), Cell Biol 
127:441-451; McCann et al. (1997), Proc, Natl, Acad. ScL 94:5679-5684; Sutoh 
(1982), Biochemistry 21:3654-3661) is inserted into the loop region of a hairpin-shaped 
oligonucleotide with the ends tethered together due to intramolecular hybridization. At 
each end of the biosensor a fluorescence donor (fluorescein) and a fluorescence 
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acceptor (rhodamine) ate coval«itly bound. In the tethered state, the fluorescence 
energy transfer is maximal and therefore indicative of an unhybridized molecule. 
When hybridized with the mRNA coding for P-actin, the tether is broken and energy 
transfer is lost. The complete fluorescent biosensor is introduced into the indicator 
5 cells using bulk loading methodology. 

In one embodiment, living indicator ceUs are treated wifli test compounds, at 
final concentrations ranging from lO"'^ M to 10^ M for times ranging from 0.1 s to 10 
h. In a preferred embodiment, ratio image data are obtained from living treated 
indicator cells. To extract morphometric data from each time point, a ratio is made 
iO between each pair of images, and each pixel value is then used to calculate the 
fractional hybridization of the labeled nucleotide. At small fractional values of 
hybridization little expression of P-actin is indicated. At hi^ fractional values of 
hybridization, maximal expression of P-actin is indicated. Furthennore, the distribution 
of hybridized molecules within the cytoplasm of the indicator cells is also a measure of 
15 the physiological response of the indicator cells. 

Cell surface binding of a ligand 

Labeled insulin binding to its ceU surface receptor in living ceUs. Cells 
20 Whose plasma membrane domain has been labeled with a labeling reagent of a 
particular color are incubated with a solution containing insuUn molecules (Lee et al. 
(1997), Biochemistry 36:2701-2708; Martinez-Zaguilan et al. (1996). Am. 7. Physiol 
270:C1438.C1446) that are labeled with a luminescent probe of a different color for an 
appropriate time under the appropriate conditions. After incubation, unbound insulin 
25 molecules are washed away, the cells fixed and the distribution and concentration of the 
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insulin on the plasma membrane is measured. To do this, the cell membrane image is 
used as a mask for the insulin image. The integrated intensity from the masked insulin 
image is compared to a set of images containing known amotmts of labeled insulin. 
The amount of insulin boxmd to the cell is determined from the standards and used in 
conjunction with the total concentration of insulin incubated with the cell to calculate a 
dissociation constant or insulin to its cell surface receptor. 

Labeling of cellular compartments 
Whole cell labeling 

Whole cell labeling is accomplished by labeling cellular components such that 
dynamics of cell shape and motiUty of the cell can be measured over time by analyzing 
fluorescence images of cells. 

In one embodiment, small reactive fluorescent molecules are introduced into 
living cells. These membrane-p^meant molecules both diffuse through and react with 
protein components in the plasma membrane. Dye molecules react with intracellular 
molecules to both increase the fluorescence signal emitted from each molecule and to 
entrap the fluorescent dye within living cells. These molecules include reactive 
chloromethyl derivatives of aminocoumarins, hydroxycoumarins, eosin diacetate, 
fluorescein diacetate, some Bodipy dye derivatives, and tetramethylrhodamine. The 
reactivity of these dyes toward macromolecules includes free primary amino groups 
and free sulfliydryl groups. 

In anottier embodiment, the cell surface is labeled by allowing the cell to 
interact with fluorescently labeled antibodies or lectins (Sigma Chemical Company, St. 
Louis, MO) that react specifically with moleciiles on the cell surface. Cell surface 
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protein chimeras expressed by the cell of interest that contain a green fluorescent 
protein, or mutant thereof, component can also be used to fluorescently label the entire 
cell surface. Once the entire cell is labeled, images of the entire cell or cell array can 
become a parameter in high content screens, involving the measurement of cell shape, 
motility, size, and growth and division. 



Plasma membrane labeling 

In one embodiment, labeling the whole plasma membrane employs some of the 
same methodology described above for labeling the entire cells. Luminescent 
molecules that label the entire cell surface act to delineate the plasma membrane. 

In a second embodiment subdomains of the plasma membrane, the extracellular 
surface, the Upid bilayer, and the intraceUular surface can be labeled separately and 
used as components of high content screens. In the first embodiment, the extracellular 
surface is labeled using a brief treatment with a reactive fluorescent molecule such as 
the succinimidyl ester or iodoacetamde derivatives of fluorescent dyes such as the 
fluoresceins, rhodamines, cyanines, and Bodipys. 

Iix a third embodiment, the extracellular surface is labeled using fluorescently 
labeled macromolecules with a high affinity for cell surface molecules. These include 
fluorescently labeled lectins such as the fluorescein, rhodamine, and cyanine 
derivatives of lectins derived from jack bean (Con A), red kidney bean 
(erythroagglutinin PHA-E), or wheat germ; 

In a fourth embodiment, fluorescently labeled antibodies with ahigh afBnity for 
cell surface components are used to label the extracellular region of the plasma 
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membrane. Extracellular regions of cell surface receptors and ion channels are 
examples of proteins that can be labeled with antibodies. 

In a jaflh embodiment, the lipid bilayer of the plasma membrane is labeled with 
fluorescent molecules. These molecules include fluorescent dyes attached to long chain 
hydrophobic molecules that interact strongly with tfie hydrophobic region in the center 
of the plasma membrane lipid bilayer. Examples of these dyes include the PKH series 
of dyes (U.S. 4,783,401, 4,762701, and 4,859,584; available commercially from Sigma 
Chemical Company, St. Loius, MO), fluorescent phospholipids such as 
nitrobenzoxadiazole glycerophosphoethanolamine and fluorescein-derivatized 
dihexadecanoylglycerophosphoetha-nolamine, fluorescent fatty acids such as 5-^butyl- 
4,4-difluoro-4-bora-3a,4a-diaza-s-indacene-3-nonanoic acid and 1-pyrenedecanoic acid 
(Molecular Probes, Inc.), fluorescent sterols including cholesteryl 4,4-difluoro-5,7- 
dimethyl-4-bora-3a,4a-diaza-s-indacene-3-dodecanoate and cholesteryl I- 
pyrenehexanoate, and fluorescently labeled proteins that interact specifically with lipid 
bilayer components such as the fluorescein derivative of annexin V (Caltag Antibody 
Co, Bxirlingame, CA). 

In another embodiment, the intracellular component of the plasma membrane is 
labeled with fluorescent molecules. Examples of these molecules are the intracellular 
components of the trimeric G-protein receptor, adenylyl cyclase, and ionic transport 
proteins. These molecules can be labeled as a result of tigjht binding to a fluorescently 
labeled specific antibody or by the incorporation of a fluorescent protein chimera that is 
comprised of a membrane-associated protein and the green fluorescent protein, and 
mutants thereof. 
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Endosome fluorescence labeling 

In one embodiment, ligands that are transported into cells by receptor-mediated 
endocytosis are used to trace the dynamics of endosomal organelles. Examples of 
labeled Ugands include Bodipy FL-labeled low density lipoprotein complexes, 
5 tetramethylrhodamine transferrin analogs, and fluorescently labeled epidermal growth 

factor (Molecular Probes, Inc.) 

In a second embodiment, fluorescently labeled primary or secondary antibodies 
(Sigma Chemical Co. St. Louis, MO; Molecular Probes. Inc. Eugene, OR; Caltag 
Antibody Co.) that specifically label endosomal Ugands are used to mark the 

10 endosomal compartment in cells. 

In a third embodiment, endosomes are fluorescently labeled in cells expressing 
protein chimeras formed by fusing a green fluorescent protein, or mutants thereof with 
a receptor whose internalization labels endosomes. Chimeras of the EOF, transferrin, 
and low density lipoprotein receptors are examples of these molecules. 

15 

Lysosome labeling 

In one embodiment, membrane permeant lysosome-specific luminescent 
reagents are used to label the lysosomal compartment of Uving and fixed cells. These 
reagents include the luminescent molecules neutral red, N-(3-((2,4- 
20 dinitiophenyl)amino)propyl)-N-(3-aminopropyl)methylamine. and the LysoTracker 
probes which report intralysosomal pH as weU as the dynamic distribution of 
lysosomes (Molecular Probes, Inc.) 

In a second embodunent, antibodies against lysosomal antigens (Sigma 
Chemical Co.; Molecular Probes, hic; Caltag Antibody Co.) are used to label 
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lysosomal components that are localized in specific lysosomal domains. Examples of 
these components are the degradative enzymes involved in cholesterol ester hydrolysis, 
membrane protein proteases, and nucleases as well as the ATP-driven lysosomal proton 
pump. 

In a third embodiment, protein chimeras consisting of a lysosomal protein 
genetically fused to an intrinsically limiinescent protein such as the green fluorescent 
protein, or mutants thereof, are used to label the lysosomal domain. Examples of these 
components are the degradative enzymes involved in cholesterol ester hydrolysis, 
membrane protein proteases, and nucleases as well as the ATP-driven lysosomal proton 
pump- 

Cytoplasmic fluorescence labeling 

In one embodiment, cell pemieant fluorescent dyes (Molecular Probes, Inc.) 
with a reactive group are reacted with living cells. Reactive dyes including 
monobromobimane, 5-chloromethylfluorescein diacetate, carboxy fluorescein diacetate 
succinimidyl ester, and chloromethyl tetramethylrhodamine are examples of cell 
permeant fluorescent dyes that are used for long term labeling of the cytoplasm of cells. 

In a second embodiment, polar trac^ molecules such as Lucifer yellow and 
cascade blue-based fluorescent dyes (Molecular Probes, Inc.) are introduced into cells 
using bulk loading methods and are also used for cj^oplasmic labeling. 

In a third embodiment, antibodies against cytoplasmic components (Sigma 
Chemical Co.; Molecular Probes, Inc.; Caltag Antibody Co.) are used to fluorescently 
label the cytoplasm. Examples of cytoplasmic antigens are many of the enzymes 
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involved in intomediary meUJwlim. Enolase, phosphoftactokinase, and acetyl-CoA 
dehydrogenase are examples of unifonnly distributed cytoplasmic antigens. 

In a fourth embodiment, protein diimeras consisting of a cytoplasmic protein 
geneticaUy fused to an intrinsically luminescent protein such as the green fluorescent 
5 protein, or mutants theroot are used to label flie cytoplasm. Fluorescent chimeras of 
muformly distributed proteins are used to labd the ««re cytoplasmic domain. 
Examples of these proteins are many of the proteins involved in intermediary 
mctaboUsm and include enolase, lactate dehydrogenase, and hexokinase. 

In a fifth embodiment, antibodies against cytoplasmic antigens (Sigma 
,0 Chemical Co.; Molecular Probes. Inc.; Caltag Antibody Co.) are used to label 
cytoplasmic e^nponents tot are localized in specific cytoplasmic sub-domains. 
Examples of these components are flte cy.oskele.al protrins actin, hrbulin. «.d 
cytokeratin. A population of these proteins within ceBs is assembled into discrete 
smrctures, which in «us case, are fibrous. Fluorescence labeling of these proteins with 
,5 antibody-based reagenti, titerefore labels a specific subKlomain of the cytoplasm. 

in a six* embodhncnt non-anttl,ody-based fluorescently labeled molecules tt«. 
interact strongly with cytoplasmic pro.eins are used .o label specific cytoplasmic 
componen.s. One example is a fluorescen. analog of to enzyme DNAse I (Molecular 
Probes, Inc.) Fluorescent analogs of Otis enzyme bind tighfly and specifically to 
ao cytoplasmic actin, fl>us labeling a sub-domain of fl» cytoplasm. In another example, 
fluore^t analogs of ttte mushroom toxin phalloidin or the dmgpacB«xel (Molecular 

Probes, Inc.) are used to label components of the actin- and mierotirbule-cytoskeletons. 

respectively. 
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In a seventh embodiment, protein chimeras consisting of a c)4oplasmic protein 
genetically fused to an intrinsically luminescent protein such as the green fluorescent 
protein, or mutants thereof, are used to label specific domains of the cytoplasm. 
Fluorescent chimeras of highly localized proteins are used to label c5rtoplasmic sub- 
domains. Examples of these proteins are many of the proteins involved in regulating 
the cytoskeleton. They include the structural proteins actin, tubulin, and cytokeratin as 
well as the regulatoiy proteins microtubule associated protein 4 and a-actinin. 

Nuclear labeling 

In one embodiment, membrane permeant nucleic-acid-specific luminescent 
reagents (Molecular Probes, Inc.) are used to label the nucleus of living and fixed cells. 
These reagents include cyanine-based dyes (eg:, TOTO®, YOYO®, and BOBO™), 
phenanthidines and acridines (e.g:, ethidium bromide, propidium iodide, and acridine 
orange), indoles and imidazoles (e.g,, Hoechst 33258, Hoechst 33342, and 4*,6- 
diamidino-2-phenylindoIe), and other similar reagents (e.^., 7-aminoactinomycin D, 
hydroxystilbamidine, and the psoralens). 

In a second embodiment, antibodies against nuclear antigens (Sigma Chemical 
Co.; Molecular Probes, Inc.; Caltag Antibody Co.) are used to label nuclear 
components that are localized in specific nuclear domains. Examples of these 
components are the macromolecules involved in maintaining DNA structure and 
function. DNA, RNA, histones, DNA polymerase, RNA polymerase, lamins, and 
nuclear variants of cytoplasmic proteins such as actin are examples of nuclear antigens. 

In a third embodiment, protein chimeras consisting of a nuclear protein 
graetically fused to an intrinsically luminescent protein such as the green fluorescent 
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proWn. or muunts thereot »re .«ed u> labd *e n„de^ domain- Examples of these 
proWns are many of ft. proteins involved in maint«ning DNA s.ruc«re and fintedo,. 
Histones. DNA polymerase, RNA polymerase, lamins. and nuclear variants of 
cytoplasmic proteins such as actin are examples of nudear luteins. 

Mitochondrial labeling 

to one embodiment, membrane penneant mitoAondrial-specific luminescent 
reagents (Molecular Probes, tac.) are us«i «> label the mitochondria of living and fixed 
cells. These reagents include rhodamine 123, tetramefltyl rosamine. JC-1. and the 

MitoTracker reactive dyes. 

in a second embodiment, antibodies against mitochondrial antigens (Sigma 

Chemical Co.; Molecular Probes, ht.; Caltag Antibody Co.) are us«l to ^ 

mitochondrial compon»>.s that are locaW in specific mitochondrial domains. 

Examples of these components are *e macromolecules involved in maintaining 
. mitochondria, DNA structure and fimcrion. DNA. RNA, his«.nes. DNA polymerase, 
RNA polymerase, and mitochondrial variants of cytoplasmic macomoleoules such as 
mitochondrial tRNA and rENA are examples mitochondrial anfigens. Other examples 
of mitochondrial ^rigens are the components of the oxidative phosphorylafion system 
found in the mitochondria (.g., cytochrome c cytochrome c oxidase, and succmate 

20 dehydrogenase). 

to a tbitd embodiment, pmtein chimeras consisting of a mitochondrial protein 

genetically fOsed to an intrinsically luminescent protein such as the gteen fluorescent 

protein, or mutants thereof are used to label *e mitochondrial domain. Examples of 

these components are a,e macromolecules involved in maintaining mitochondrial DNA 
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Structure and function. Examples include histones, DNA polymerase, RNA 
polymerase, and the components of the oxidative phosphorylation system found in the 
mitochondria (e.g., cytochrome c, cytochrome c oxidase, and succinate 
dehydrogenase). 

Endoplasmic reticulum labeling 

In one embodimrat, membrane permeant endoplasmic reticulum-specific 
luminescent reagents (Molecular Probes, Inc.) are used to label the endoplasmic 
reticulum of living and fixed cells. These reagents include short chain carbocyanine 
dyes (e.g., DiOCe and DiOCs), long chain carbocyanine dyes (eg., DiICi6 and DilCis), 
and luminescently labeled lectins such as concanavalin A, 

In a second embodiment, antibodies against endoplasmic reticulum antigens 
(Sigma Chemical Co.; Molecular Probes, Inc.; Caltag Antibody Co.) are used to label 
endoplasmic reticulum components that are localized in specific endoplasntuc reticulimi 
domains. Examples of these components are the macromolecules involved in the fatty 
acid elongation systems, glucose-6-phosphatase, and HMG CoA-reductase. 

In a third embodiment, protein chimeras consisting of a endoplasmic reticulum 
protein genetically fused to an intrinsically luminescent protein such as the green 
fluorescent protein, or mutants thereof, are used to label the endoplasmic reticulum 
domain. Examples of these components are the macromolecules involved in the fatty 
acid elongation systems, glucose-6-phosphatase, and HMG CoA-reductase. 
Golgi labeling 

In one embodiment, membrane permeant Golgi-specific luminescent reagents 
(Molecular Probes, Inc.) are used to label the Golgi of living and fixed cells. These 
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reagents include luminescently labeled macromolecules such as wheat genn agglutinin 
and Brefeldin A as well as luminescently labeled ceramide. 

In a second embodiment, antibodies against Gol^ antigens (Sigma Chemical 
Co.; Molecular Probes. Inc.; Caltag Antibody Co.) are used to label Golgi compon^its 
that axe localized in spedfic Golgi domains. Examples of these components are N- 
acetylglucosamine phosphotransferase. Golgi-specific phosphodiesterase, and 
maimose-6-phosphate receptor protein. 

I„ a third embodiment, protein chimeras consisting of a Golgi protein 
g«.etieaUy ftsed to an intrinsically taminescem protein such as the green fluorescent 
protein, or mutants thereof; are used to label me Golgi domain. Examples of these 
components are N-acetylglucosamine phosphotransferase. Golgi-specific 
phosphodiesterase, and mamiose^-phosphate receptor protein. 

WMle many of the examples presented involve the measurement of single 
cellular processes. tWs is agdn is intended fer pun,oses of illustration only. Multiple 
parameter high-content screens can be produced by combining several single parameter 
aoreens into a multiparameter high-content screen or by adding cellular parameter to 
any existing high-content screen. Fur.hem.ore. while each example is described as 
being based on either live or fixed cells, each high-eonten. screen can be designed to be 

used with both live and fixed cells. 

■nK.se skUled in the art vrill recognize a wide variety of distinct screens ftat c«. 
be developed based on ttie diselo^ provided h«ein. There is a latge and growing list 
of known biochemical and molecular processes in cells that involve translocations or 
reorganizations of specific components within cells. TTe signaling pathway fiom the 
cell surftee to targe, sites within the cell involves the «anslocation of plasma 
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membrane-associated proteins to the cytoplasm. For example, it is known that one of 
the src family of protein tyrosine kinases, pp60c-src (Walker et al (1993), J. Biol 
Chem. 268:19552-19558) translocates from the plasma membrane to the cytoplasm 
upon stimulation of fibroblasts wifli platelet-derived growth factor (PDGF). 
Additionally, the targets for screening can themselves be converted into fluorescence- 
based reagents that report molecular changes including ligand-binding and post- 
translocational modifications. 
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We claim: 

1. An automated method for idaitifying compounds that modify transcription 

factor activation comprising: 

a) providing an array of locations containing multiple cells to be treated 
5 with a test compound, wherein the cells possess a luminescently labeled transcription 
factor, wherein the luminescently labeled transcription factor translocates from the 
cytoplasm to the nucleus upon activation, and wherein the luminescently labeled 
transcription factor is present in the cells either before, together with, or after treatment 
with the test compound; 
10 b) contacting tiie cells with the test compound 

c) scanning multiple cells in each of the locations containing cells to obtain 
luminescent signals from the luminescently labeled transcription factor in subcellular 
compartments of the cells being analyzed, wherein the subcellular compartments 
comprise the cell nucleus and the cell cytoplasm; 
15 d) converting the luminescent signals into digital data; and 

e) utilizing the digital data to automatically make measurements, wherein 
the measurements are used to automatically calculate changes in the distribution of the 
luminescently labeled transcription factor within or between the cell nucleus and the 
cell cytoplasm of the cells being analyzed, and wherein the change in distribution 
20 correlates to modification of transcription factor activity induced by the test compound. 

2. The method of claim 1 further comprising scanning multiple cells in each of the 
locations containing cells in a high Ihiou^put mode, and selectively scanning only a 
subset of the locations containing cells in a high content mode to obtain luminescent 
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signals from the luminescently labeled transcription factor in subcellular compartments 
of the cells being analyzed. 



3. The method of claim 1 wherein flie measurements comprise determining one or 
more of the following: 

a) a total or average Ixmiinescence intensity of the luminescently labeled 
transcription factor on or in the cell nucleus; 

b) a total or average luminescence intensity of the luminescently labeled 
transcription factor outside the cell nucleus, representing the cell cytoplasm; 

c) an area of the cell nucleus; or 

d) an area of the cytoplasm. 

4. The method of claim 3 wherein the calculated changes comprise one or more of 
the following: 

a) changes in the total or average luminescence intensity of the 
luminescentiy labeled transcription factor on or in the cell nucleus of the cells being 
analyzed; 

b) changes in the total or average luminescence intensity of the 
luminescentiy labeled transcription factor in the cell cytoplasm of the cells being 
analyzed; 

c) changes in the ratio of the total luminescence intensity or average 
luminescence intensity of the cytoplasm to total luminescence intensity or average 
luminescence intensity on or in the nucleus; or 
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d) changes in the difference of the total luminescence intensity or average 
luminescence intensity of the cytoplasm, and the total luminescence intensity or average 
luminescence intensity on or in the nucleus. 

5 5. The method of claim 1 wherein the transcription factor of interest is 
luminescently labeled by contacting the cell with a luminescently labeled antibody or 
antibody fragment. 

6. The method of claim 1 where the transcription factor of interest is selected from 
10 the group consisting of c-fos and fos homologs, c-jun and c-jun homologs. NF-KB. 

NFAT, and STATs. 

7. A kit for identifying compounds that modify transcription fector activation 
15 comprising: 

a) a primary antibody that specifically binds to a transcription factor of 
interest; and 

b) instructions for using the primary antibody to identify compounds that 
modify transcription factor activation in a cell of interest, according to the method of 

20 claim 1. 



8. 



The kit of claim 7 wherein the primary antibody is luminescentiy labeled. 



9. The kit of claim 7 further comprising a secondary antibody that can detect the 
25 primary antibody. 

106 



r^^.^r>,^,nk. ^»A/o ivi17RdriA2 IB> 



wo 00/17643 



PCT/US99/21561 



1 0. The kit of claim 9 wherein the secondary antibody is luminescently labeled. 

1 1. The kit of claim 7 further comprising at least one of the following: 

a) cells that express the transcription factor of interest; or 

b) a compound that is known to modify activation of the transcription 
factor of interest 

12. The kit of claim 7 where the transcription factor is selected from the group 
consisting of c-fos and fos homologs, c-jun and c-jun homologs, NF-KB, NFAT, and 
STATs. 

13. A kit for identifying compounds that modify transcription factor activation 
comprising: 

a) an expression vector comprising a nucleic acid encoding a transcription 
factor of interest that translocates firom the cytoplasm to the nucleus upon activation; 
and 

b) instructions for using the expression vector to identify compounds that 
modify transcription factor activation in a cell of interest, according to the method of 
claim 1. 

14. The kit of claim 13 wherein the expression vector further comprises a nucleic 
acid encoding a luminescent protein, wherein the luminescent protein and the 
transcription factor of interest are expressed as a fusion protein. 
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15. The kit of claim 13 further comprising at least one of the following: 

a) an antibody or fragment thereof that specifically binds to the 

transcription factor of interest; 

b) cells that are transfected with the expression vector; or 

5 c) at least one compound that is known to modify activation of the 

transcription factor of interest. 

16. The kit of claim 13 where the transcription factor is selected from the group 
consisting of ofos and fos homologs. c-jun and c-jun homologs. NF-KB, NFAT. and 

10 STATs. 

17. A kit for identifying compounds that modify transcription fector activation 
comprising: 

a) an isolated protein comprising a luminescentfy labeled transcription 
15 factor; and 

b) instructions for using the luminescentfy labeled transcription factor to 
identify compounds that modify transcription factor activation in a cell of interest, 
according to the method of claim 1 . 

20 18. The kit of claim 17 further comprising at least one compound that is known to 
modify activation of the transcription factor of interest 
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19. The kit of claim 17 where the transcription factor is selected from the group 
consisting of c-fos and fos homologs, c-jnn and c-jun homologs, NF-KB, NFAT, and 
STATs. 

20. An automated method for identifying compoxmds that modify protein kinase 
activation comprising: 

a) providing an array of locations containing multiple cells to be treated 
with a test compound, wherein the cells possess a luminescently labeled protein kinase 
or protein kinase substrate, wherein the luminescently labeled protein kinase or protein 
kinase substrate translocates from the cytoplasm to the nucleus upon activation of the 
protein kinase, and wherein the luminescently labeled protein kinase or protein kinase 
substrate is present in the cells either before, together with, or after treatment with the 
test compound; 

b) contacting the cells with the test compound 

c) scanning multiple cells in each of the locations containing cells to obtain 
luminescent signals from the luminescently labeled protein kinase or protein kinase 
substrate, in subcellular compartments of the cells being analyzed, wherein the 
subcellular compartments comprise the cell nucleus and the cell cytoplasm; 

d) converting the luminescent signals into digital data; and 

e) utilizing the digital data to automatically make measurements, wherein 
the measurements are used to automatically calculate changes in the distribution of the 
luminescently labeled protein kinase or protein kinase substrate within or between the 
cell nucleus and the cell cytoplasm of the cells being analyzed, and wherein the change 
in distribution correlates to modification of protein kinase activity induced by the test 
compound. 
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21 . The method of claim 20 further comprising scamiing multiple cells in each of 
the locations contaimng cells in a high throughput mode, and selectively scanning only 
a suhset of the locations containing cells in a high content mode to obtain lummescent 
signals from the luminescently labeled protein kinase or protem kinase substrate in 
subcellular compartments of the cells being analyzed. 

22. The method of claim 20 wherein the measurements comprise determining one 

or more of the following: 

a) an total or average luminescence intensity of the luminescently labeled 

protein kinase or protein kinase substrate on or in the cell nucleus; 

b) an total or average luminescence intensity of the lummescently labeled 
protein kinase or protein kinase substrate outside the cell nucleus, representing the cell 

cytoplasm; 

c) an area of the cell nucleus; or 

d) an area of the cytoplasm. 

23. The method of claim 22 wherein the calculated changes comprise one or more 
of the following: 

a) changes in the total or average luminescence intensity of the 
luminescently labeled protein kinase or protein kinase substrate on or in the cell 

nucleus of the cells being analyzed; 

b) changes in the total or average luminescence intensity of the 
luminescently labeled protein kinase or protein kinase substrate in the cell cytoplasm of 
the cells being analyzed; 
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c) changes in the ratio of the total luminescence intensity or average 
luminescmce intensity of the cytoplasm to total luminescence intensity or average 
luminescence intensity on or in Ihe nucleus; or 

d) changes in the difference of the total luminescence intensity or average 
luminescence int^isity of the cytoplasm and the total luminescence intensity or average 
luminescence intensity on or in the nucleus. 

24. The method of claim 20 wherein the protein kinase or protein kinase substrate 
of interest is luminescently labeled by contacting the cell with a luminescently labeled 
antibody or antibody fragment. 

25. The method of claim 20 where the protein kinase of interest is selected from the 
group consisting of extracellular signal-regulated protein kinases (ERKs), c-Jun amino- 
terminal kinases (JNKs), Fos regulating protein kinases (FRKs), p38 mitogen activated 
protein kinase (p38MAPK); protein kinase A (PKA), and mitogen activated protein 
kinase kinases (MAPKKs). 

26. A kit for identifying compounds that modify protein kinase activation 
comprising: 

a) a primary antibody that specifically binds to a protein kinase or a 
protein kinase substrate of interest; and 

b) instructions for using the antibody to identify compounds that modify 
protein kinase activation in a cell of interest, according to the method of claim 20. 

27. The kit of claim 26 wherein the primary antibody is luminescently labeled. 
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28. The kit of claim 26 further comprising a secondary antibody that can detect the 
primary antibody. 

5 29. The kit of claim 28 wherein the secondary antibody is luminescently labeled. 

30. The kit ofclaim 26 further comprising at least one of the following: 

a) cells that express the protein kinase or protein kinase substrate of 
interest; or 

,0 b) a compound that is known to modify activation of the protein kinase of 

interest. 

31. -fte kit of claim 26 where the pmtein kinase is selected ftom .he gK,up 
consisting of extracellntar signal-teguUted ^ kinases (EHlCs). c-Jun amino- 
,5 terminal kinases (JNKs). Fos regdating protein kinases (FRKs), p38 mitogen activated 
protein kinase (p38MAPK); protein kinase A (PKA), and mitogen activated protein 
kinase kinases (MAPKKs). 

32. A kit for idcnd^ng compounds that modify protem kinase activation 

20 comprising: 

a) an expression vector comprising a tmddc add encodii^ a protein kinase 
or a protein kinase substrate of interest that translocates Irom the cytoplasm to the 
nucleus upon activation; and 
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b) instructions for using the expression vector to identify compounds that 
modify protein kinase activation in a cell of interest, according to the method of claim 
20. 

33. The kit of claim 32 wherein the expression vector farther comprises a nucleic 
acid encoding a luminescent protein, wherein the limiinescent protein and the protein 
kinase or protein kinase substrate of interest are expressed as a fusion protein. 

34. The kit of claim 32 farther comprising at least one of the following: 

a) cells that are transfected with the expression vector; 

b) an antibody or fragment thereof that specifically binds to the protein 
kinase or protein kinase substrate of interest; or 

c) a compound that is known to modify activation of the protein kinase of 
interest. 

35. The kit of claim 32 where the protein kinase is selected from the group 
consisting of extracellular signal-regulated protein kinases (ERKs), c-Jun amino- 
terminal kinases (JNKs), Fos regulating protein kinases (FRKs), p38 mitogen activated 
protein kinase (p38MAPK); protein kinase A (PKA), and mitogen activated protein 
kinase kinases (MAPKKs). 

36. A kit for identifying compounds that modify protein kinase activation 
comprising: 
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a) an isolated protein comprising a luminesc^tiy labeled protein kinase or 
luminescetttly labeled protein kinase substrate; and 

b) instructions for using the luminescently labeled protein kinase or 
luminescently labeled protein kinase substrate, according to the method of claim 20. 

37. The kit of claim 36 further comprising a compound that is known to modify 
activation of the protdn kinase. 



38. The kit of claim 36 where the protein kinase is selected from the group 
10 consisting of extracellular signal-regulated protein kinases (ERICs), cJun amino- 
terminal kinases (JNKs). Fos regulating protein kinases (FRKs). p38 mitogen activated 
protein kinase (p38MAPK); protein kinase A (PKA), and mitogen activated protdn 
kinase kinases (MAPKKs). 
15 39. A machine readable storage medium comprising a program containing a set of 
instructions for causing a cell screening system to execute the method of claim 1 
wherein the cell screening system comprises an optical system with a stage adapted for 
holding a plate containing cells, a digital camera, a means for directing fluorescence or 
luminescence emitted from the cells to the digital camera, and a computer means for 
20 receiving and processing the digital data from the digital camera. 

40. A machine readable storage medium comprising a program containing a set of 

instructions for causing a cell screening system to execute the method of claim 20 

wherein the cell screening system comprises an optical system with a stage adapted for 

25 holding a plate containing cells, a digital camera, a means for directing fluorescence or 

114 



. wo 00/17643 PCT/US99/2I561 

luminescence emitted from the cells to the digital camera, and a computer means for 
receiving and processing the digital data from the digital camera* 



41. An automated method for analyzing compounds that modify cellular 
morphology comprising: 

a) providing an array of locations which contain multiple cells that are to 
be contacted with a test compound, wherdn the cells possess one or more luminescent 
reporter molecules, and wherein the one or more luminescent reporter molecules can be 
expressed by the cells, or added to the cells either before, together with, or after the 
cells are contacted with the test compound; 

b) contacting the cells with the test compound; 

c) scanning multiple cells in each of the locations containing cells to obtain 
luminescent signals from the luminescent reporter molecules in subcellular 
compartments of the cells, wherein flie subcellular compartments comprise the cell 
nucleus, cell cytoplasm, cell membrane, and cell cytoskeleton; 

d) converting the luminescent signals into digital data; and 

e) utilizing the digital data to automatically make measurements, wherein 
the measurements are used to automatically calculate changes in the distribution of the 
luminescent reporter molecules within or between the subcellular compartments, and 
wherein the calculated changes correlate with changes in cellular morphology induced 
by the test compound. 



42 The method of claim 41 comprising scanning multiple cells in each of the 
locations containing cells in a high throughput mode, and selectively scanning only a 
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subset of the locations containing cells in a high content mode to obtain luminescent 
signals from the luminescently labeled reporter molecules in subcellular compartments 
of the cells being analyzed. 

43. The method of claim 41 further comprising at least one of the following: 

a. acquiring an image of the cell nuclei; 

b. acquiring an image of the cell cytoplasm; 

c. acquiring an image of the cell membrane; or 

d. acquiring an image of the cell cytoskeleton. 

44. The method of claim 43 wherein the measurements comprise one or more of the 

following: 

a. an aggregate whole nucleus area; 

b. an average whole nucleus area; 
15 c. a total cytoplasmic area; 

d. an aggregate cytoplasmic intensity; 

e. a cytoplasmic area per cell nucleus; 

f. a cytoplasmic intensity per cell iiucleus; 

g. an average cell cytoplasm intensity; 
20 h. a cell cytoplasm-cell nucleus ratio; 

i. a measure of actin cytoskeleton structure; or 
j, an average cell area. 



10 



25 45. 



The method of claim 44 wherein the calculated changes comprise one or more 



of the following: 



30 



35 



a. changes in the aggregate whole nucleus area; 

b. changes in the average whole nucleus are^ 

c. changes in the total cytoplasmic area; 

d. changes in the aggregate cytoplasmic intensity; 

e. changes in the cytoplasmic area per cell nucleus; 

f changes in the cytoplasmic intensity per cell nucleus; 

g. changes in the average cell cytoplasm intensity; 

h changes in the cell cytoplasm-cell nucleus ratio; 

i. changes in the measure of actin cytoskeleton stracture; or 

j. changes in the average cell area. 



116 



wo 00/17643 



PCT/US99/21561 



46. The method of claim 41 wherein sub-regions of the array of locations 
containing multiple cells are sampled multiple times at intervals to provide kinetic 
measurement of changes in cellular morphology. 

5 

47. The method of claim 41 wherein the cells possess a luminescent reporter 
molecule selected from the group consisting of C34oskeletal markers, cytosolic volume 
markers, and cell surface markers. 

10 48. The method of claim 47 wherein the luminescent reporter molecule selectively 
detects actin filaments. 

49. A kit for identifying stimuli that modify cellular morphology, comprising: 

a, a luminescent compound that specificaDy labels the cell membrane, 
15 cytoplasm, or cytoskeleton; and 

b. instructions for using the luminescent compound to identify test 
compounds that modify cellular morphology according to the method of claim 41. 

50. The kit of claim 49 further comprising at least one of the following: 

20 a) a luminescent compound that specifically labels the cell nucleus; or 

b) at least one compound that is known to modify cellular morphology. 

51- A machine readable storage medium comprising a program containing a set of 
instructions for causing a cell screening system to execute the method of claim 41 
25 wherein the cell screening system comprises an optical system with a stage adapted for 
holding a plate containing cells, a digital camera, a means for directing fluorescence or 
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Imninescence emitted from the cells to the digital camera, and a computer means for 
receiving and processing the digital data from the digital camera. 

52. An automated method for identifying compounds that modify microtubule 

structure comprising: 

a) providing an array of locations containing multiple cells to be treated 
with a test compound, wherein the cells possess a luminescently labeled microtubule- 
labeling molecule that is expressed by or added to the cells either before, together with, 
or after contacting the cells with the test compound; 

b) contacting the cells with the test compound; 

c) scanning multiple cells in each of the locations containing ceUs to obtain 
luminescent signals from the luminescently labeled microtubule-labeling molecule in 
the cell cytoplasm or the cell cytoskeleton; 

d) converting the luminescent signals into digital dat^ and 

e) utilizing the digital data to automatically make measurements, wherein 
the measurements are used to automatically calculate changes in the distribution of the 
luminescently labeled microtubule-labeling molecule within the cell cytoplasm or cell 
cytoskeleton. and wherein the calculated changes in the distribution of the 
luminescentfy labeled microtubule-labeling molecule within the cell cytoplasm or the 

20 cell cytoskeleton correlate with dxanges in microtubule structure induced by the test 
compound. 

53. The method of claim 52 forther comprising scamiing multiple cells in each of 
the locations containing cells in a high throughput mode, and selectivdy scanning only 
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a subset of the locations containing cells in a high content mode to obtain luminescent 
signals from the luminescently labeled microtubule-labeling molecule in subcellular 
compartments of the cells being analyzed. 

54. The method of claim 52 wherein the luminescently labeled microtubule-labeling 
molecule is selected from the group consisting of a and p tubulin isofoims, MAP4, and 
antibodies that specifically recognize a protein selected from the group consisting of a 
and P tubulin isoforms, MAP 4, MAP 2, and tau. 

55. The method of claim 52 wherein the measurements comprise determining at 
least one of the following: 



a. edge strength; 

b. cell area; 

c. cell size; 
15 d, cell shape; 

e. integrated luminescence intensity; and 

f. cell microtubule morphology; 

g. punctate distribution of the cell microtubule cytoskeleton; 

h. interconnectivity or branching of the cell microtubule cytoskeleton; 
20 i. microtubule length or width; 

j . BMcrotubule aggregation; 

k. microtubule depolymerization; or 

1. microtubule reorganization. 

25 56. The method of claim 55 wherein the calculated changes comprise determining 

at least one of the following: 

a. changes in edge strength; 

b. changes in cell area; 

c. changes in cell size; 
30 d. changes in cell shape; 

e. changes in integrated luminescence intensity; 

f. changes in cell microtubule morphology; 

g. changes in punctate distribution of the cell microtubule cytoskeleton; 
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h. changes in interconnectivity or branching of the cell nnicrotubule 

cytoskeleton; 

i. changes in microtubule length or width; 
j. changes in microtubule aggregation; 

5 k. changes in microtubule depolymerization; or 

1. changes in microtubule reorganization. 

57. The method of claim 52 wherein sub-regions of the array of locations 
containing multiple cells are sampled multiple times at intervals to provide kinetic 

10 measurement of changes in nndcrotubule structure. 

58. • A kit for automated analysis of microtubule structure comprising: 

a. an expression vector comprising a nucleic acid that encodes a 
microtubule binding protein; and 
15 b. instructions for using the expression vector for carrying out the method 

of claim 52. 

59. The kit of claim 58 wherein the expression vector further comprises a nucleic 
acid that encodes a luminescent protein, wherein the microtubule binding protein and 

20 the luminescent protein thereof are expressed as a fusion protein. 

60. The kit of claim 58 fiirther comprising at least one of the following: 

a) cells that are transfected with the expression vectoi^ or 

b) a compound that is known to modify microtubule structure. 

25 

61. A kit for automated analysis of microtubule structure comprising: 

a. a primary antibody that specifically binds to a microtubule-labelmg 

moleculeof interest; and i. xt, j 

b. instructions for using the expression vector for carrymg out the method 

30 of claim 52. 

62. The kit of claim 6 1 wherein the primary antibody is luminescently labeled. 



120 



BNSDOCID: <WO. _,0017643A2 IB> 



wo 00/17643 PCT/US99/21561 

63. The kit of claim 61 further comprising a secondary antibody that can detect the 
primary antibody. 



64. The kit of claim 63 wherein the secondary antibody is luminescently labeled. 

5 

65. The kit of claim 61 fiirther comprising at least one of the following: 

a) cells that express the microtubule labeling molecule of interest; or 

b) a compound that is known to modify microtubule structure. 



10 66. The kit of claim 61 where the microtubule labeling molecule is selected from 
the group consisting of a and P tubulin isoforms, MAP 4, MAP 2, and tau. 

67. A kit for automated analysis of microtubule stracture comprising: 

a. an isolated protein comprising a luminescently labeled microtubule- 
15 labeling molecule; and and 

b. instructions for using tiie luminescently labeled microtubule-labeling 
molecule for carrying out the method of claim 52. 

68. The kit of claim 67 wherein the luminescently labeled microtubule-labeling 
20 molecule is selected from the group consisting of a and P tubulin isoforxns, MAP 4, 

MAP 2, and tau. 

69. A machine readable storage medium comprising a program containing a set of 
instructions for causing a cell screening system to execute the method of claim 52 

25 wh^in the cell screening system comprises an optical system with a stage adapted for 
holding a plate containing cells, a digital camera, a means for directing fluorescence or 
luminescence emitted from the cells to the digital camera, and a computer means for 
receiving and processing the digital data from flie digital camera. 
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(57) Abstract 
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